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PREFACE

Trhis document, Volume XXXIX of the Qualification Test Report,
Vibration and Mission Simulation Testing on Engine 828, XFl07-WR-
400 Cruise Missile Engine, is one of several reports that will be
submitted under CDRL 95, Contract N00019-78-C-0206, describing the
results of the Qualification Tests. Volumes I through XV will
cover the Phase I engine qualification. EMI/EMC and Nonoperating
Shockloads, both for the F107-WR-400 engine, will be covered in
Volumes XVI and XVII. Component Qualification Tests will be discus-
sed in Volumes XVIII through XXVI. Structural Qualification re-
sults will be presented in Volumes XXVII through XXX. Volumes XXXI
through XL will present results of the Phase II engine
qualification.

xiii/xiv
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SECTION 1

INTRODUCTION

1.1 PURPOSE OF TEST

Engine 828 was tested at Bendix Aerospace Systems Division - Ann
Arbor, Michigan, as Engine 828/build 4 and at the Arnold Engineer-
ing Development Center (AEDC), Tullahoma, Tennessee, as Engine
828/build 6. The tests were performed to demonstrate F107-WR-400
engine compliance with environmental vibration and mission simula-
tion requirements as specified in the Prime Item Development (PID)
Specification 24235WR9501B and the Qualification Test Plan (QTP),
CMEP 91-4043G, Report No. 78-145-8.

1.2 DESCRIPTION OF TEST ENGINE

Engine 828/builds 4 and 6 was an XF107-WR-400 engine, assembled in
accordance with Top Assembly Drawing and Parts List 1029110-108.

1.3 DISPOSITION OF TEST ENGINE

After completion of the planned testing at AEDC, Engine 828/build 6
was returned to WRC, where a post-test teardown and inspection was
performed. The engine has since been moved into bonded storage at
WRC, Walled Lake.

1.4 SUMMARY

1.4.1 Prequalification Testing At WRC

Engine 828 did not exhibit any significant operational irregulari-
ties on either build 4 prior to shipment to Bendix Aerospace Sys-
tems or on build 6 before reshipment to AEDC.

As shipped to Bendix Aerospace Systems for environmental vibration
testing, conditionally approved discrepancies against the engine
included the incorporation of an unapproved ECR dealing with the
modified No. 4 carbon seal shield, the incorrect routing of the
fuel control unit temperature sensor lead, the use of an unapproved
sealant and an unapproved adhesive internal to the engine, and the
installation of a P/N 36240 fuel control unit prior to Government
approval.

After the replacement and testing at WRC of hot section hardware
.4 damaged during the initial attempt to conduct the hot-day mission

simulation test at AEDC, the engine was returned to AEDC on build 6
with conditionally approved discrepancies. These discrepancies
included sealants and adhesives internal to the engine, the use of
a P/N 36240 fuel control unit, and the use of a P/N 34733 hot gas
tube collar. i-i
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1.4.2 Qualification Testing At Bendix Aerospace

Engine 828/build 4 was vibration tested at Bendix Aerospace Sys-
tems - Ann Arbor, on 14 and 15 January 1980. The testing consisted
of two components, 30 minutes of random frequency vibrations along
each of the principle engine axes, and sinusoidal vibratory sweeps
for 30 minutes at constant input levels along the lateral and
vertical axes. No significant hardware irregularities were noted
during or after the testing.

1.4.3 Qualification Testing At AEDC

The initial attempt to conduct the mission simulation tests on
Engine 828/build 4 at AEDC was curtailed on 25 February 1980 when
an increase in measured EGT and an engine speed rematch were noted
(reference Report DAL 8012).

Mission simulation testing at AEDC recommenced on 2 April 1980, the
engine having been returned, after repairs, as Engine 828/build 6.
Only one incident of any significance occured during the hot and
cold day mission cycles, that being the failure of the fuel control
unit early in the hot day cycle. The failed unit was replaced, the
test sequence was restarted and run through completion as scheduled
on 16 April 1980.

1.4.4 Post Mission Simulation Testing Teardown Inspection

Following the return of Engine 828 to WRC, a thorough teardown
inspection, conducted on 23 and 24 April 1980, revealed no compon-
ent failures or indications of impending component failures.

1.5 RECOMMENDATION

It is recommended that the testing completed with Engine 828 be
accepted as evidence that the F107-WR-400 engine meets or exceeds
the requirements for environmental vibration exposure and mission
simulation testing as set forth in the PID Specification, 24235WR-
9501A, and the Qualification Test Plan, CMEP 91-4043G, Report No.
78-145-8.

1-2
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SECTION 2

PREQUALIFICATION TESTING AT WRC

2.1 SUMMARY

Engine 828 required four builds prior to shipment, on 2 January
1980, to Bendix Aerospace Systems - Ann Arbor to commence qualifi-
cation testing. The initial "green run" of the engine was perform-
ed on build 1. Build 2 involved a penalty run to evaluate the
combustor temperature profile which had been modified following
build 1. The combustor was replaced on build 3. Build 4 involved
the final testing of the engine prior to shipment.

The engine was returned to WRC on 27 February for investigation
into the cause of a sharp increase in measured EGT noted during the
initial attempt to conduct the hot day mission simulation test at
AEDC. Several engine components were observed to have sustained
heat damage. The fuel slinger and the combustor/first nozzle
assembly were replaced and the engine reassembled to prepare for
retesting and reshipment to AEDC. Testing on build 5 included an
EGT survey on the new combustor and disassembly for inspection of
the new parts. The final run prior to reshipment was performed on
build 6. The engine was reshipped to AEDC on 25 March 1980 to
recommence the mission simulation tests.

2.2 PROCEDURES

2.2.1 Test Article Description

2.2.1.1 Physical Configuration

Engine 828 was'an XF107-WR-400 engine assembled in accordance with
Top Assembly Drawing and Parts List 1029110-108.

The engine was delivered on build 4 with discrepancies as noted on
Inspection Rejection Report (IRR) 92153. IRR 92153, shown in
Figure 2-1, notes the incorporation of an unapproved ECR dealing
with the modified No. 4 carbon seal shield, the incorrect routing
of the fuel control unit temperature sensor lead, the use of an
unapproved sealant when the accessory drive bearings were installed
and an unapproved adhesive when the No. 5 carbon seal was installed
and the installation of a P/N 36240 fuel control unit prior to
Government approval. These discrepancies, conditionally approved
by letter from the Administrative Contracting Officer (Figure 2-2),
were applicable to the engine both as shipped to Bendix Aerospace-
Ann Arbor for vibration testing and as shipped to AEDC for the
initial attempt to conduct the mission simulation tests.

2-1
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The engine was returned to AEDC on build 6 with conditionally
approved discrepancies which included the sealant and adhesive
used during the installation of the No. 5 carbon seal and the
accessory drive bearings, the use of a P/N 36240 fuel control
unit, and the use of a P/N 34733 hot gas tube collar. These
discrepancies are listed in IRR 94579 (Figure 2-3) and were also
conditionally approved by letter from the Administrative Contract-
ing Officer (Figure 2-4).

2.2.1.2 Functional Description

Engine 828/build 6, as shipped to AEDC for mission simulation
testing, had the following functional parts measurements and
major components identification:

" Tailpipe Area: 31.85 in2

" First Nozzle: S/N WL-1014, Aeff = 3.155 in2, Q = 1.681

" Second Nozzle: S/N WL-101, Aef f = 7.766 in
2

" Third Nozzle: S/N GDB-69, Aef f 
= 12.186

" Fuel Control Unit: S/N RF-1443446 (Later replaced at AEDC
by fuel control unit S/N 1443454).

" Oil Pump: S/N HCB-294

" Gearbox: S/N B-42

* Ignition Generator/Exciter: S/N BX00175

Engine weight, as shipped to Bendix Aerospace for vibration
testing on build 4, was 142.5 lbf with a fully serviced lubrication
system and residual fuel, but with no airframe generator installed.
The specification weight for an F107-WR-400 airframe generator,
as installed during the vibration testing, is 16.5 lbf.

Engine weight, as shipped to AEDC on build 6, was 140.9 lbf with
a fully serviced lubrication system and residual fuel but without
an airframe generator installed.

The apparent discrepancy in engine shipping weights is largely
due to the fitting of both an expended engine starting cartridge
and oxygen bottle for the vibration testing and their absence
when the engine was shipped to AEDC.

Engine run time at WRC prior to shipment as Engine 828/build 4
was 6.62 hours with 21 starts. Engine run time at WRC on builds
5 and 6 was 4.65 hours with 14 starts. Accumulated run time at
WRC and AEDC, prior to shipment back to AEDC to re-attempt the
mission simulation testing, was 19.16 hours with 38 starts
including one cartridge-initiated start.

2-2
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Engine performance instrumentation, detailed in Run Program QT-21,
included three HP compressor discharge temperature (CDT) thermo-
couples, three LP turbine discharge temperature thermocouples
(electrically coupled to produce an average temperature output),
three bypass mixing plane temperature thermocouples, and three
additional LP turbine discharge temperature thermocouples providing
individual temperature outputs. Data from this instrumentation is
used to compute TIT. Additionally, IP bleed airflow pressure and
temperature measurement instrumentation was installed on the
engine.

2.2.2 Test Facility

Engine 828 completed the final runs prior to shipment on both build
4 and 6 in test cell B-4 at WRC. This test cell is described in
paragraph 3.3.3 and Appendix A of the Acceptance Test Procedure
for YFI07 Turbofan Engines, Revision A, CMEP 92-1022 (Report No.
78-183). Run Program QT-21 is presented in Appendix B of this
document.

2.2.3 Test Procedures

The tests conducted at WRC were performed in accordance with the
requirements of the PID Specification (24235WR9501B), the QTP, and
Run Program QT-21.

2.3 RECORD OF TESTING AT WRC

Final testing at WRC, prior to shipment to the qualification test
facilities, was performed on two separate occasions. The first
final test sequence was performed prior to the inital shipment to
Bendix Aerospace on build 4. The second final test sequence occur-
red before reshipment to AEDC as build 6.

2.3.1 Record of Testing on Build 4 Prior to Shipment

Engine 828/build 4 was installed in Test Cell B-4 on 14 December
1979 for the final run prior to shipment to Bendix Aerospace - Ann
Arbor. Engine monitoring instrumentation was attached, the lubrica-
tion system was serviced with 750 ml of MIL-L-23699 oil (Exxon
batch 219) and the fuel system was purged with RJ-4 fuel. The
engine was then airmotored to verify instrumentation and oil pres-
sure response.

The engine was started to conduct the planned five-minute leak
check run (1.2 seconds to light, 6.6 seconds to idle). No fluidleakage was noted after completion of the run and 300 ml of MIL-L-23699 oil (Exxon batch 219) were added to the engine oil reservoir.

2-3
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The engine was started to perform the scheduled six-point power
calibration used to determine the maximum governed HP spool speed
trim point (1.4 seconds to light, 6.4 seconds to idle). After
completion of the calibration run, the oil was drained, weighed
(923.7 grams with pan) and returned to the engine. The fuel con-
trol unit trim adjustment motor was installed at that time in
preparation for the maximum governed HP spool speed adjustment.

The engine was restarted (1.5 seconds to light, 6.7 seconds to
idle) and accelerated to a PLA setting of +3.65 Vdc. The fuel
control unit was trimmed, at that setting, to a maximum governed HP
spool speed of 63,000 rpm with a calculated TIT of 17950 F. After
completion of the speed adjustment, the setting device was removed.

The engine was then started (1.4 seconds to light, 6.4 seconds to
idle) and accelerated to the maximum PLA setting to verify the
maximum trimmed HP spool speed adjustment. The trimmed HP spool
speed was acceptable at 63,000 rpm.

Without any further interruption, the engine was subjected to the
slow transient run, the performance calibration and the fast trans-
ient run as specified in the final run planning. The engine was
then shut down and the oil was drained and weighed (892.2 grams
including the drain pan). Oil consumption was calculated to have
been 0.007 gal/hr.

After reservicing of the oil system with 765.6 grams of new MIL-L-
23699 oil (Exxon batch 219), the engine was started (1.3 seconds to
light, 6.3 seconds to idle) and a 30-minute oil consumption run was
performed. Post-engine shutdown oil weight was 748.5 grams with
oil consumption calculated to have been 0.009 gal/hr.

The engine was reserviced with 750 ml of new MIL-L-23699 oil and a
final five-minute leak check run conducted. A post-run inspection
revealed no fluid leakage. The engine was removed from the test
cell on 14 December 1979 and prepared for shipment to Bendix Aero-
space to conduct qualification vibration testing.

2.3.2 Record of Testing on Build 6 Prior to Shipment

The initial attempt to conduct the hot and cold day mission simula-
tion tests at AEDC was aborted on 25 February 1980, when a change
in engine spool speed match, coupled with an increase in measured
EGT, was noted. A subsequent teardown investigation at WRC re-
vealed two burned first nozzle vanes.

The engine was reassembled after replacement of the fuel slinger
and the combustor/first nozzle assembly. Subsequent to a perform-
ance calibration and teardown to evaluate the newly installed
combustor on build 5, the engine was assembled on build 6 to con-
duct the final pre-qualification acceptance testing.
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Engine 828/build 6 was installed in test cell B-4 on 24 March 1980.
Engine monitoring instrumentation was attached, the lubrication
system was serviced with 750 ml of MIL-L-23699 oil (Exxon batch
219) and the fuel system was purged with RJ-4 fuel. The engine was
then airmotored to verify instrumentation and oil pressure
response.

The engine was initially started to conduct a five-minute leak
check run (2.5 seconds to light, 7.6 seconds to idle) at idle
speed. Several external oil leaks were noted and repairs were
attempted after shutdown. The engine was then serviced with an
additional 200 ml of MIL-L-23699 oil (Exxon batch 219).

The engine was restarted (1.4 seconds to light, 7.2 seconds to
idle) and accelerated to an HP spool speed of 60,000 rpm for an
additional leak check run. Some additional fluid leakage was
observed and repairs were undertaken again.

The engine was started to perform the scheduled six-point power
calibration used to determine the maximum governed HP spool speed
trim point (1.4 seconds to light, 7.0 seconds to idle). After
completion of the calibration run, the oil was drained, weighed
(889.8 grams with pan) and returned to the engine. The fuel con-
trol unit trim adjustment motor was installed at that time in
preparation for the maximum governed HP spool speed adjustment.

The engine was restarted (1.3 seconds to light, 7.0 seconds to
idle) and accelerated to a PLA setting of +3.65 Vdc. The fuel
control unit was trimmed, at that setting, to a maximum governed HP
spool speed of 62,840 rpm. Following shutdown, the adjustment
motor was removed.

The engine was restarted to check the adjusted maximum HP spool
speed (1.5 seconds to light, 7.2 seconds to idle). At a PLA set-
ting of +3.65 Vdc the maximum trimmed HP spool speed was noted to
be acceptable at 62,850 rpm. The engine was then returned to idle
and shutdown.

The engine was restarted, taking 1.3 seconds to light and 6.8
seconds to attain idle. The slow transient, the performance cali-
bration, and the fast transient runs were completed according to
the final run planning, after which the engine was returned to
idle, shutdown and the oil drained. Oil consumption during the
engine trimming procedure and the final run was calculated to have
been 0.013 gal/hr. No external fluid leakage was noted after shut
down.

The engine was reserviced with new MIL-L-23699 oil, (Exxon batch
219, 725.3 grams including pan). The engine was then restarted
(1.4 seconds to light, 6.8 seconds to idle) to conduct the schedu-
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led 30-minute oil consumption run. At the completion of this test,
the oil was drained, weighed (685.9 grams including drain pan) and
oil consumption was calculated to have been 0.021 gal/hr. The
engine was then reserviced with 750 ml of MIL-L-23699 oil (Exxon
batch 219).

Performance levels at AEDC often exceed those observed at WRC.
Therefore, it was determined that it would be advantageous to trim
the engine to a point that would yield only 100 percent of the
minimum specification thrust, rather than a value slightly in
excess of the specification minimum, as has been the habit with the
Phase 1I Qualification Test engines. This limitation was initiated
to prevent the recurrence of exessive TIT values during the hot day
mission cycle testing at AEDC.

The fuel control unit trim adjustment motor was reinstalled and the
engine restarted (1.6 seconds to light, 7.2 seconds to idle). At a
PLA setting of +3.65 Vdc, the fuel control unit was trimmed to
yield an HP spool speed of 62,600 rpm at a calculated TIT of
1805 0F. The engine was then shut down and the trimming motor was
removed.

The engine was restarted (1.4 seconds to light, 7.4 seconds to
idle) and accelerated to a PLA setting of +3.65 Vdc to check the
trimmed HP spool speed. Maximum HP spool speed, as trimmed, was
acceptable at 62,610 rpm. This setting produced a maximum thrust
value equal to the specification value.

After shutdown the oil reservoir was "topped off" with 100 ml of
new MIL-L-23699 oil (Exxon batch 219). The engine was then removed
from the test cell and prepared for shipment to AEDC to recommence
the scheduled hot and cold day mission simulation testing.

2.4 ANALYSIS OF ENGINE PERFORMANCE AS SHIPPED TO AEDC ON BUILD 6

Engine performance during the prequalification acceptance run is
summarized and compared to the specification limits for sea level,
static, standard day conditions in Table 2-I. Figures 2-5 through
2-15 present basic engine performance data obtained during the
prequalification testing at WRC in detailed comparison with the
specification requirements. Figure 2-16 presents the EGT profile
and Figure 2-17 reproduces the correlation curve, used in computing
TIT, of the average of the three flight EGT thermocouples and the
average of the 72-element EGT thermocouple rake during the prequali-
fication testing at WRC. Figures 2-16 and 2-17 present data from
build 5, as specialized instrumentation required to obtain the data
presented there is not installed for the prequalification accept-
ance test. In absence of contrary indications, these parameters
are assumed to have the same values for build 6.
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2.4.1 Oil Consumption

Oil consumption, measured during the 30-minute final oil consump-
tion run at WRC, was calculated to have been 0.021 gal/hr. The
weight of the oil consumed was 39.4 grams at a density of 0.989
gm/ml.

2.4.2 Performance Assessment

Engine 828/build 6, as fitted with a 31.85 in2 jet nozzle, was
trimmed at WRC to an HP spool speed of 62,610 rpm at a PLA setting
of +3.65 Vdc. Thrust, as trimmed, was measured to be 640 lbf with
a calculated maximum turbine inlet temperature (TIT) of 18051F and
an EGT of 1020'F at the maximum PLA setting. Specific Fuel consump-
tion was 3.36 percent below the specification maximum value at the
maximum continuous thrust rating. SFC at 90 percent and 75 percent
maximum continuous thrust ratings was below the specification
maximum limits by 2.69 and 1.62 percent, respectively. Table 2-I
demonstrates that all critical performance parameters remained
within limits.

2.5 CONCLUSIONS

Engine 828/build 4, at the conclusion of the final testing at WRC,
was considered acceptable to conduct vibration testing at Bendix
Aerospace-Ann Arbor and mission simulation testing at AEDC. Follow-
ing the replacement of hardware damaged during the initial mission
simulation test attempt, the engine was rerun through the final
testing at WRC and deemed acceptable to recommence the hot and cold
day mission simulation tests.
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TABLE 2-I. ENGINE 828/BUILD 6, PERFORMANCE SUMMARY

ENGINE MODEL XF107 - WR-400

DATA CORRECTED TO SEA LEVEL, STATIC, STANDARD DAY CONDITIONS
INDICATE

IF
DEVIANT

I. AT TRIM SPEED OR 3.65 VDC TO FUEL CONTROL ACTUATOR

Thrust Fn/6 (100% FM min - INDICATE % FM)' 100.8
HP Speed N 2/40 (63200 rpm max) 62610
LP Speed N,/I (34755 rpm max) 33400
ECT EGT/6 (11301F max) 1020OF
TIT/O (19250 F) 18050 F

II. At Fn/6 z Fm
ECT EGT/O (11301F max) 1010°F
SFC SFC/O "6 7 (100% SFCM max - INDICATE % SFCM) -3.36
Airflow W4 /6 (14.0 ibm/sec max) 13.50

(13.19 ibm/sec min)
HP Speed N2 /J8 (63200 rpm max) 62400
LP Speed Nj/40 (34755 rpm max) 33200

(31445 rpm min)

III. At Fn/6 = 90% Fm
ECT EGT/O (10601F max) 985OF
SFC SFC/0"6 7 (97.4% SFCM max - INDICATE % SFCM) -2.69
Airflow WJ/6 (13.39 ibm/sec max) 12.95

(12.61 ibm/sec min)
HP Speed N2/4 (62883 rpm max) 61300

(60417 rpm min)
LP Speed N1/4 (33180 rpm max) 31800

(30020 rpm min)

IV. At Fn/6 = 75% Fm
ECT EGT/O (960°F max) 940OF
SFC SFC/0 "6 7 (94.1 % SFCM max - INDICATE % SFCM -1.62
Airflow W4-/6 (12.46 ibm/sec max) 12.00

(11.74 ibm/sec min)
HP Speed N 2/4 (60894 rpm max) 59500

(58530 rpm min)
LP Speed NI/J (31080 rpm max) 29800

(28120 rpm min)

FM is minimum thrust at the maximum continuous rating at sea level
static as specified in Table 1 of PIO Spec 24235WR9501A SCN 010 dated
17 October 1978.

2 SFCM is maximum SFC at condition 1.
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DCRO-CTCA/WR (J. Boedecker/Ext 352/imf) 19 Dec 1979

SUBJECT: Shipping Authorization, Engine SIN 828, Contrnct N00019-78-C-0206

Mr. D.Lve Cooper
01EP Contract Administration
Williams Research Corporation
2280 W. Maple Road
Walled Lake, HI 48088

Dear Mr. Cooper:

You are hereby authorized to ship su jec onpgine via air ahiprent on a
DD Form 1149 to AEDC, Tullchoma, Tennessee.

It is noted that this engine deviates from :3pecification and QT Tent Plan
requirements as documented on IRR 92153. VhIS authorization ts granted
notwithstanding the deviant condition to provide for further testing of
this engine.

This letter should not be construed as waivtng an) arpecificaition of QT
requirements or any other Government rights established by the contract.
The only purpose of this letter is to acknowledge the above cited de-
viations and to provide shipping authorization. TIs autlhorization is

granted for the sole convenience of the contractor.

11is letter may be uRed to close the aLov refercncc! I;,R Per yot:r in-
ternal requrioments.

.TOHN: A. AI'PlT,;

.Ti1d.nJstrDivTe Cont ricting Officer

DCAS-WP,', Res~idency

cc: DCRO-GTQF/WR (C.C. Davis, Jr.)
JCM-285 Wiajor Rice)
ASD/YZIU7 (Col. Goetz)
WPC (L. Scheen)

Figure 2-2. Administrative Contracting Office (ACO) Letter
Permitting Shipment of Engine 828/Build 4 to Bendix
Aerospace and AEDC
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DCRO-GTWC (J. Boedeckt:/Ext 1352/imf) 25 Mar 198U

SUBJECT: Shipping Authorization, Engine S/N 823, Contract N00019-78-C-0206

Hr. Dave Cooper
Q>EP Contract Administrator
Williams Research Corporatlon
2280 W. Haple Road
Walled Lake, MI 48088

Dear 3r. Cooper:

You are hereby authorized to ship subject ungre via -ifr slilpment o:: n
DD Form 1149 to AEDC, Tullahown, Tctn,juSCe.

It is noted that this engine deviates from specificaticn and QT Test Plcn
requirements as documented on IRR 94579. This authorization is granted
notvithstandiug the deviant condition to provide -" further testing of
this engine.

This letter should not be construed as waivinq any specification of QT
requirements or any other Govern-'ent rii;hts establishcd by the contractor.
The only purpose of this letter is to acknowledge the above cited
deviations and to provide shipping authorization. This authorization is
grauted for the sole convenience of the contractor.

This letter may be used to close the above referenced IRR per your
Internal requirements.

Sincerely,

JOIIN A. APP'LLN

Aliuict rat l e (/-utractin,; Officer
DCV' -11.!C Rcsldeucy

cc: DCRO-GTWQ (C.C. D.IS, Jr.)
JCM-285 (:tajor Lit-')
ASD/YZ107 (rol. rkvu;)
V.;'.C (L. Schccn)

Figure 2-4. Administrative Contracting Office (ACO) Letter Permitt-
ing Shipment of Engine 828/Build 6 to AEDC
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F107-WR-102, 400 (WR19-A7-1) E.G.T. PROFILE

S/N 828 BLD. 5 .P. 1

DATE 21 MAR 8 COMBUJSTOR P. I. N. (OR S/N)!kL2
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Figure 2-17. Engine 828/Build 5, Exhaust Gas Temperature (ECT)
Correlation Curve, 72 Thermocouple Rake versus 3
Flight Thermocouples
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SECTION 3

QUALIFICATION TEST FACILITY RESULTS

3.1 SUMMARY

Engine 828/build 4 arrived at Bendix Aerospace Systems Division,
Ann Arbor, Michigan, on 14 January, 1980, and testing was under-
taken that day. The testing consisted of two components, 30 min-
utes of random vibrations along each of the principal engine axes
and sinusoidal vibratory sweeps at constant input levels to identi-
fy resonant frequencies along the lateral and vertical engine axes,
with the engine being excited for thirty minutes at each of the
frequencies identified. No abnormalities occurred during this
phase of the qualification testing.

Engine 828/build 4 arrived at AEDC on 21 January, 1980. Installa-
tion into Test Cell T-5 was completed on 19 February, the delay
being caused by the completion of qualification testing with Engine
402. Testing was undertaken on 20 February. All required check
runs and engine calibrations were completed without incident.

Shortly after undertaking the hot day mission simulation test,
erratic EGT indications, coupled with a brief engine calibration,
led to termination of the testing. The engine was returned to WRC,
disassembled, and damaged engine hardware replaced (Ref. Report DAL
8012).

With no repetition of the engine vibration testing, the engine, now
designated Engine 828/build 6, was returned to AEDC. The calibra-
tion and check runs were repeated.

Early in the second attempt to conduct the hot day mission simula-
tion test, the fuel control unit ceased to respond to changes in
PLA command voltage. A replacement fuel control unit was located,
exposed to the engine vibration testing regimen, and installed on
the engine. All testing scheduled at AEDC was completed on 16
April, 1980, and the engine returned to WRC.

A post-testing teardown and dimensional inspection revealed no
hardware failures or signs of impending hardware failures which
could have jeopardized successful mission completion.

3.2 PROCEDURES
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3.2.1 Test Article Description

Engine 828/build 4 was vibration tested at Bendix Aerospace-Ann
Arbr in its as-shipped configuration. Initially, the engine was
installed into Test Cell T-5 at AEDC in that same configuration.
Following the abortion of the first attempt to conduct the mission
simulation testing, and a subsequent rebuild at WRC (ref. paragraph
2.3.2.), the engine was reinstalled into Test Cell T-5 at AEDC in
its as-shipped condition. During that second phase of engine
testing, the only hardware change, other than those authorized in
paragraph 3.2.4.8 of the Qualification Test Plan (CMEP 91-4043G),
was the replacement of the failed fuel control.

3.2.2 Test Facilities

Engine 828/build 4 and the replacement fuel control unit for build
6 were vibration tested at Bendix Aerospace-Ann Arbor, Michigan.
Details on the Bendix facility are included in Appendix F of the
Qualification Test Plan. Photographs of a typical F107 engine
installation at the Bendix facility are displayed in Figures 3-36

through 3-38.

Engine 828/builds 4 and 6 were tested at AEDC, Tullahoma, Tennesee,
in Test Cell T-5. A detailed description of the test facility at
AEDC is contained in Appendix D of the Qualification Test Plan. A
typical F107 engine installation in Test Cell T-5 at AEDC is shown
in Figures 3-39 through 3-41.

3.2.3 Test Procedures

The vibration and mission simulation tests, as well as associated
check runs, instrumentation runs, and calibrations runs, were
performed in compliance with the Qualification Test Plan and Run
Program QT21. Run program QT21 and its addenda are presented in
Appendix B of this text.

3.3 RECORD OF TEST

3.3.1 Record of Vibration Testing at Bendix Aerospace-Ann Arbor

Engine 828/build 4 was initially shipped to Bendix Aerospace-Ann
Arbor on 4 January, 1980, to conduct vibration testing for the
F107-WR-400 engine in accordance with the PID Specification and the
QTP. The testing proceeded without major incidents and was complet-
ed on 7 January 1980. After the engine had been returned to WRC,
it was discovered that no airframe generator had been mounted on
the engine during the vibration testing. This omission required a
repetition of the vibration testing.
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Engine 828 was received at Bendix Aerospace-Ann Arbor for the
second test series on 14 January 1980 and began testing on the
same day. All scheduled testing was completed at ambient
temperatures.

A discrepancy exists between the axis labelling conventions used
by Bendix Aerospace Systems and WRC. The Bendix convention
labels the longitudinal axis "X" with positive direction extending
out through the engine inlet, the lateral axis "Y" with positive
direction extending out to engine starboard (when viewed from aft
looking forward), and the vertical axis "Z" with positive direction
down. The WRC convention for the Convair engine, is dictated by
triaxial accelerometer mounting position, with labelling of the
longitudinal axis "X", the lateral axis "Z" and the vertical axis
"Y", having positive sense in the same direction as the Bendix
convention, except that the positive vertical direction is up.
This discrepancy results in different labelling of vibration data
obtained at Bendix Aerospace and at AEDC.

Initially, a sinusoidal vibration sweep was performed on the
engine lateral (Z) axis to identify resonant frequencies. These
frequencies were identified to be 77 Hz, 90 Hz and 100 Hz. The
lateral axis was subjected to a vibration input at a level of
2g's for a 30-minute period at each of the above frequencies.
This was followed by a one-half hour random frequency excitation
on the same axis in compliance with the F107-WR-400 spectrum.

The engine orientation relative to the test apparatus was changed
to allow vibration inputs on the longitudinal (X) axis of the
engine. The engine was then subjected to a random frequency
vibration input on the longitudinal axis for 30 minutes in com-
pliance with the F107-WR-400 spectrum.

Engine orientation on the shake fixture was repositioned in order
to align the vibration axis along the vertical (Y) axis. A sinu-
soidal sweep was then performed to identify the resonant frequen-
cies. These frequencies were identified to be 13 Hz, 80 Hz and
100 Hz. The vertical axis was then subjected to a sinusoidal
vibration at a level of 2g's for a 30-minute period at each of
the resonant frequencies. The vibration test series was completed
with a 30-minute random frequency vibration excitation on the
vertical axis in compliance with the F107-WR-400 spectrum.

A presentation of the PSD curves obtained at Bendix Aerospace
during the testing of this engine, as well as a chronicle of
significant test events, is contained in Appendix D of this text.

3-3



I Williams Research Corporaton CMEP 95-4120
Report No. 79-106-39

The engine was returned to WRC on 16 February 1980 preparatory to

shipment to AEDC for mission simulation testing.

3.3.2 Record of Testing at AEDC

Note: The initial attempt to conduct the hot and cold day
mission simulation tests at AEDC was aborted on 25
February 1980 when both an increase in EGT and a marked
change in engine spool speed match were noted. A
subsequent teardown investigation at WRC revealed two
burned first nozzle vanes. The engine was reassembled
with a new fuel slinger and combustor/first nozzle
assembly. The engine was then rerun through the ac-
ceptance test procedure (ATP) and reshipped to AEDC.
No repetition of the environmental vibration testing
was considered necessary.

3.3.2.1 Pre-Mission Simulation Testing

Engine 828 was received at AEDC, Tullahoma, Tennessee, on 25
March 1980, and directly installed in Test Cell T-5. Some facility
problems occurred, but were resolved in order to permit engine
testing to begin on 1 April 1980. A sea level static, standard
day check run revealed minor instrumentation problems which were
easily resolved. During that check run, one flight EGT thermo-
couple indicated a step increase to 10740 F, but no other ir-
regularities were reported. A pre-qualification testing sea
level, Mach 0.70 calibration run with bleed airflow and generator
power extraction was conducted, followed by engine operation at
sea level, Mach 0.65 to complete the 4 hours, 55 minutes of
engine operation required prior to the final pre-mission simulation
test check run (Ref. paragraph 2.7.3 of CMEP 91-4043G). Data
collected during the calibration run indicated thrust 4.1 percent
above and SFC 4.7 percent below the specification requirements
with an average EGT of 1030 0 F at maximum continuous thrust. Oil
consumption during this running was computed to be 0.011 gal/hr.
The final pre-mission simulation test check run was conducted on
2 April. A post-run inspection revealed no fluid leakage. A
starter cartridge was then installed and the engine prepared for
the initiation of the hot-day mission simulation test.

3.3.2.2 Mission Simulation Testing

Figure 3-42 displays the Phase II QT hot and cold day mission
simulation test format. Scheduled changes in flight conditions
are related to Table 3-1V by circled numbers. Time histories of
the terrain-following cycles used in these tests are presented in
Figures 3-43 through 3-47.
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Test Cell T-5 at AEDC is set up to control the engine throttle
command voltage, simulated altitude and Mach number, and facility
data acquisition system by means of several computers which are
synchronized at the start of the test. One of the computer
outputs is a CRT display comparing the specification inlet temp-
erature, in 10-minute segments, with the current actual inlet
temperature. This display is used to control the inlet temperature
manually during the test.

Time histories of actual test cell pressure, inlet pressure and
inlet temperature are shown in Figures 3-48 through 3-50 for the
hot day mission simulation and in Figures 3-52 through 3-54 for
the cold day mission simulation. These figures also include the
specification pressures and temperatures for comparison with the
recorded data. As can be seen, the computers functioned with a
high degree of accuracy in controlling the two pressures re-
presenting altitude and Mach number during both the hot and cold
day mission cycles. The control of inlet temperature was generally
good during both tests, except as noted in paragraph 3.3.2.2.3,
with some variation due to the thermal inertia of the facility
plumbing, which did not allow rapid changes in temperature at the
engine inlet. Although temperature variations do affect engine
performance, it was not felt that the differences which were
experienced affected the validity of the engine durability
demonstration.

The computers controlling the mission simulation cycles did not
have sufficient storage capacity for an entire five-hour test
cycle. Therefore, the program was broken into five segments.
After completion of each segment, the engine was manually returned
to idle speed while the new program segment was entered into the
computer. The engine was not shut down during these hold periods.

Time histories of the supply fuel temperature are shown in Figure
3-51 for the hot day mission simulation test and in Figure 3-55
for the cold day mission simulation test. The specification
nominal fuel supply temperature is shown for reference. The fuel
temperature was controlled by a semi-automatic system which
required constant monitoring and operator adjustment.

3.3.2.2.1 Hot Day Mission Simulation Test. The hot day mission
simulation test was undertaken on 2 April 1980. The cartridge
start was hot (1230 0F EGT momentarily), but successful. Data for
both this cartridge start and the start conducted at the outset
of the cold day mission simulation test are presented in Paragraph
3.4.3.7 of this report.

Shortly after the computer had assumed control of the engine
throttle, the PLA display became unsteady, with no attendant
fluctuations in either fuel flow or rotor speeds. As the test
continued, one of the individually-reporting EGT thermocouples
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rose to a steady 12261F. Finally (1:02:14 into the mission), the
fuel control unit ceased responding to any variations in command
voltage. It was decided, in concurrence with the customer rep-
resentative, to abort the test. Using a manually-controlled
facility fuel system valve, the engine was shutdown, but windmilled
to avoid component damage due to heat buildup and soakback.
Post-shutdown electrical tests revealed internal fuel control
unit resistance and current draw well in excess of the component
specification. It was elected to remove the fuel control unit
and replace it with a different unit.

The replacement fuel control unit was subjected to the Tomahawk
environmental vibration test at Bendix Aerospace Systems-Ann
Arbor on 8-9 April 1980 (Ref. Appendix D, Section IV). The
removed fuel control unit was shipped to the Woodward Governor
Company for analysis (Ref. Appendix F) where the cause of the
failure was traced to a faulty fuel control unit subcomponent.
The replacement fuel control unit was shipped to AEDC and installed
on Engine 828. Preparations for an engine calibration and trim
check were then made.

The replacement fuel control unit was trimmed, using both mechani-
cal and manual techniques, to a maximum governed HP spool speed
of 62,459 rpm and an engine performance calibration conducted.
That calibration indicated that SFC at maximum continuous thrust
had improved 0.1 percent, but SFC at the cruise rating point had
increased by 1.3 percent. Maximum thrust had decreased by 2.6
percent. All of these parameters, however, still easily satisfied
the specification requirements.

Following an oil and oil filter change and the installation of
igniter plugs subjected to the Tomahawk environmental vibration
test along with the replacement fuel control unit, the hot day
mission simulation test was restarted, with a compressed air
start. The hot day test was then concluded, with the most sig-
nificant item of note (derived by post-test data analysis) being
a disagreement between the manually-computed average of three EGT
thermocouples and the electrically-averaged output of three
others. The disagreement was about 50°F throughout the entire
test cycle. Computed oil consumption for the entire hot day
mission simulation test was 0.015 gal/hr.

3.3.2.2.2 Recertification. After completion of the hot day mis-
sion simulation test, the No. 1 bearing, both igniters, and the
engine oil and oil filter element were replaced. The engine oil
sump was drained and refilled with new MIL-L-23699 oil.

A recertification calibration run was performed at sea level,
Mach 0.7, standard day conditions to verify engine function after
the hardware changes. No meaningful changes in engine performance,
in comparison to the engine calibration prior to the hot day
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mission simulation test, were observed. During the recertification
run, the individual EGT thermocouple T6-2 behaved erratically, as
it had on earlier ocassions, but no contrary engine health para-
meters were observed.

3.3.2.2.3 Cold Day Mission Simulation Test. The cold day mission
simulation test was conducted on 15 April 1980. The test was
initiated with a successful cartridge start and was conducted
with very few occurrences of note. Some items of interest, which
apparently had little bearing upon the successful conclusion of
the test, included continued disagreement (derived by post-test
data analysis) between the average of the individually-reporting
EGT thermocouples and the three electrically-averaged EGT thermo-
couple outputs (about 400 F), depletion of the facility liquid air
supply which led to a loss of inlet temperature control, repeated
freezing of water collected in the facility fuel filter (causing
several interruptions of the test cycle for thawing) and reports
of "sparks" from the engine tailpipe for which no origin could be
pinpointed. At the conclusion of the test, oil consumption was
computed to be 0.007 gal/hr. Some deposits were found on the
magnetic drain plug. (This item is discussed in paragraph 3.5.2.,
Teardown Inspection Results.)

3.3.2.3 Post-Mission Simulation Testing

Prior to the post-mission simulation calibration run, the engine
igniters, oil and oil filter element were changed. Some debris
was found in the filter element. A three-point engine calibration
at sea level, Mach 0.7, standard day conditions was conducted,
with some "sparking" from the tail pipe reported shortly after
the engine was started. Data analysis indicated that, compared
to the "pre-test" calibration with the replacement fuel control
unit, SFC had improved slightly at both maximum continuous and
cruise power levels and thrust had deteriorated only 0.7 percent
and was still in excess of the specification requirement. Oil
consumption for the calibration run was computed to be 0.041
gal/hr with some additional debris found on the magnetic drain
plug.

Total engine running time for build 6 at AEDC was 17.0 hours with
13 starts, two of them cartridge-initiated. The engine was re-
turned to WRC on 22 April 1980.

3.4 PERFORMANCE ANALYSIS

3.4.1 Summary

Engine 828/build 6 was scheduled to complete both hot and cold
day mission simulation cycles with inlet airflow distortion
screen GDl in place.
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The original start for the hot day mission cycle was a successful
cartridge-initiated type with a start time of 6.25 seconds (spec-
ification requirement is 6.7 seconds).

The hot day mission cycle was terminated at a point 1.04 hours
into the test when the fuel control unit ceased to respond to
input voltage commands. The fuel control unit was replaced with
a unit which was first run through the F107-WR-400 engine environ-
mental vibration cycle at Bendix Aerospace. A repeat performance
calibration was conducted at sea level, Mach 0.70, standard day
conditions after which the engine was trimmed to yield 101.5
percent of specification maximum continuous thrust. As trimmed,
HP spool speed was 150 rpm lower than the initial setting at WRC.
The hot day mission cycle was reinitiated with a compressed air
start and completed without further incident. Engine operating
temperatures remained within limits throughout the test cycle and
maximum continuous thrust was measured to be 101.7 percent of the
specification requirement immediately prior to completion of the
cycle.

The cold day mission cycle was initiated with a successful car-
tridge start at 1500 feet, Mach 0.5 with an inlet temperature of
-90 F. The temperature of the air surrounding the engine was
esti'nated to be approximately -90F at the time of the start.
Engine start time was 9.3 seconds as compared to the specification
requirement of 11.0 seconds.

Engine performance throughout the cold day mission cycle was
satisfactory with steady-state data indicating an SFC 8.5 percent
below the specification requirement. Facility problems with the
liquid air supply allowed the engine inlet air temperature to
rise up to a value of 151F, 3.86 hours into the cold day cycle.
At the stabilized inlet temperature maintained during the last
1.14 hours of the cycle (+150F), maximum continuous rating thrust
was measured to be 101.7 percent of the specification requirement
with the fuel control unit delivering a maximum of 509 lbm/hr.
Had the inlet temperature been maintained at the required level,
the engine would have only developed 98.5 percent of specification
thrust, since thrust output would have been restricted by the low
setting of the fuel control unit maximum fuel delivery stop. The
engine would have required a fuel delivery rate of 517 lbm/hr at
a fuel temperature of -30°F in order to attain 100 percent of the
specification required thrust. Considering the test conditions
run, the fuel delivery rate from the fuel control unit should
have been at least 524 lbm/hr. Refer to Section 3.4.3.4 for
further discussion with respect to fuel control unit operating
characteristics.

The sea level, Mach 0.70, standard day performance of the engine
was above specification with a cruise rating SFC 2.4 percent
below the requirement. The post-mission cycle calibration, when
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compared to the pre-mission calibration, demonstrated an additional
0.2 percent improvement in SFC. By the same comparison, maximum
continuous rating thrust was down 0.7 percent when observed
during the post-mission cycle calibration.

The engine air bleed system delivery exceeded both flow rate and
pressure requirements by 10.0 percent during the mission simulation
tests.

3.4.2 Test Results

Engine 828 completed all of the scheduled testing in accordance
with the requirements as listed in Run Program QT-21 (ref. Appendix
B of this document). An overall performance summary is shown as
Table 3-I wherein thrust and SFC are presented relative to the
PID Specification Engine (Rev. C) and operating temperatures and
speeds are indicated for the maximum continuous rating PLA setting
of +3.65 Vdc.

Performance results from the WRC prequalification tests and the
AEDC trim check calibration (sea level, static, standard day
condition) are shown in Figures 3-1 through 3-5. A direct com-
parison of the sea level, static data from both test facilities
is presented in Table 3-H1. The data shown for operation at the
maximum PLA setting of +3.65 Vdc represents performance with the
original fuel control as trimmed at WRC.

Figures 3-6 through 3-10 demonstrate the performance recorded for
the sea level, Mach 0.70, standard day calibrations with IP bleed
airflow and a five-horsepower generator load. The data presented
include that which was recorded during the initial performance
calibration at AEDC, the recalibration after replacement of the
fuel control unit (refer to paragraph 3.4.1), the recertification
performance calibration and the post-mission simulation performance
calibration. Table 3-111 includes data extracted from these six
performance curves so as to present a detailed comparison with
the F107-WR-400 specification rating points at Mach 0.7.

Figure 3-11 presents the hot day mission simulation profile which
includes a cartridge start at Mach 0.5. Performance data recorded
during the mission cycle are presented in Figures 3-12 through
3-18. These are steady-state data recorded during fixed throttle
segments. Data are shown for both the initial attempt to conduct
the hot-day cycle and the second, more successful, conduction of
the hot day cycle with a new fuel control unit installed.

The cold day mission profile is presented in Figure 3-19. Perform-
ance data for the cold day mission cycle are shown in Figures 3-
20 through 3-26. Figures 3-54 and 3-55 show the desired and
actual inlet air and fuel supply temperatures. The increase in
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these temperatures at the end of the mission cycle reflects the
test facility problems in supplying liquid air, which caused
engine inlet air temperature to drift above the specification
value required for the test.

HP governed speed is graphically presented as a function of inlet
temperature in Figure 3-27. The effects of fuel supply temperature
on the maximum fuel delivery rate are shown in Figure 3-28.

Engine IP air bleed system performance is presented in Figures 3-
29 and 3-30.

A comparison of the engine start performance with the specification
requirements is shown in Figure 3-31. The start times were taken
from the hot and cold day cartridge-start time histories, shown
in Figures 3-32 through 3-35.

3.4.3 Data Analysis

3.4.3.1 Sea Level, Static

Engine performance for sea level, static conditions at AEDC was
better than that observed at WRC in terms of both thrust and SFC.
Figure 3-1 shows SFC to be 2.3 percent lower at AEDC. As received
from WRC, with the initial fuel control unit installed, HP spool
speed measured at AEDC was 310 rpm lower at the maximum continuous
power lever command voltage. Even with the governed HP spool
speed down, thrust was measured to be 4.3 percent better than at
WRC for a given speed (Figure 3-2). This increased thrust is the
result of a 450-rpm increase in LP spool speed (Figure 3-3).
This increase has previously been noted with other engines tested
at NAPC and AEDC with little attendant change in TIT or EGT.
Such is the case of this engine (Figure 3-4).

3.4.3.2 Sea Level, Mach 0.70, Standard Day

Data for this flight condition is presented in Figures 3-6 through
3-10. A detailed comparison with the performance calculated for
the F107-WR-400 specification engine (Table 3-11) shows an
excellent result, with cruise rating SFC 3.7 percent below the
specification maximum value. The engine performance observed for
this engine at Mach 0.70 is probably the best seen in the qual-
ification test series.

The reason for the outstanding performance characteristics observed
cannot be identified due to the limited instrumentation installed K
on the engine. The engine speed match (Figure 3-8) was up 670
rpm in comparison to that calculated for the specification engine.
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Airflow (Figure 3-6 and Table 3-111) was 2.3 percent above the
specification requirement but was within the 3.0 percent tolerance
band allowed. The engine had an "open" (+2.0 percent) first tur-
bine nozzle which would tend to drop the bypass ratio in comparison
to the specification engine.

3.4.3.3 Hot Day Mission Simulation

The hot day mission simulation data are presented in Figures 3-12
through 3-18. Data are compared to the specification requirements,
running with bleed airflow, a 5.0-horsepower generator load, and
inlet airflow distortion screen GD-l installed. The engine was
cycled over the mission profile shown in Figure 3-11.

Engine performance was within limits throughout the test. Data
are presented for testing with the original fuel control unit and
with the replacement fuel control unit installed. The initial
endurance cycle was terminated after 1.04 hours of run time when
the fuel control unit ceased to respond to command voltage changes.
A replacement fuel control unit was fitted to the engine and a
trim check performed at the Mach 0.70, standard day condition.
Trimmed HP spool speed was observed to be 150 rpm lower than had
been recorded with the original fuel control unit; however,
thrust was measured to still be 4.7 percent above the specification
requirement at the maximum continuous PLA setting. This 150 rpm
change in trimmed HP spool speed can also be seen in Figure 3-14.
TIT at the maximum continuous rating (Figure 3-16) shows only
minor variations throughout the hot day mission cycle. The
highest calculated TIT recorded was 1820°F at a point 88 minutes
into the mission.

3.4.3.4 Cold Day Mission Simulation

The cold day mission cycle was conducted according to the mission
profile shown in Figure 3-19. The engine performance history is
presented in Figures 3-20 through 3-26. Measured thrust (Figure
3-20) was in excess of the specification maximum. Table 3-I
shows a cold day SFC 9.0 percent below the value projected for
the specification engine.

The cold day mission cycle was completed successfully, the only
irregularity being a facility failure to maintain inlet tempera-
tures and fuel temperatures toward the end of the cycle. Figure
3-54 demonstrates that the facility was not able to maintain the
required inlet temperature during the high speed dash at the end
of the cold day cycle; rather, that portion of the cycle was run
at an inlet temperature of +150 F.

Running at the above mentioned deviant temperature value, maximum
continuous thrust was measured to be 1.5 percent above the specifi-
cation requirement (Figure 3-20); however, the fuel control unit
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was at the maximum fuel flow limit, which Figure 3-21 shows to be
only 509 ibm/hr as calibrated. Had the engine been run at the
required inlet temperature during the high Mach number dash seg-
ment, the low fuel delivery rate from the fuel control unit would
have restricted maximum continuous thrust to a value 1.5 percent
below the specification requirement. Figure 3-28 demonstrates
that, as calibrated, the fuel control unit was at the 509 ibm/hr
maximum fuel delivery rate at a fuel temperature of -21F. This
is a value 15 Ibm/hr below the lower recommended limit at that
temperature. A maximum fuel delivery rate of 517 ibm/hr would be
required for this engine to produce 100 percent thrust at the
required inlet temperature.

The F107 engine fuel control units are adjusted to a maximum fuel
delivery rate somewhat lower than the specification engine fuel
delivery limit of 550 ibm/hr. That procedure has been established
because the fuel control unit is adjusted with calibration fluid
at room temperature conditions. Cold fuel and high density fuels
both tend to raise the maximum fuel flow limit. The fuel flow
limit is established and must be maintained in order to protect
the engine against overpressurization when operating at cold day
inlet conditions.

In Figure 3-28 it can be seen that Engine 828 at cold day con-
ditions required 517 ibm/hr of fuel to attain maximum thrust.
The pre-test calibration of fuel control unit S/N 1443454 (a
replacement unit installed on the engine at AEDC, Ref. 3.3.2.2.1)
demonstrated a maximum fuel delivery rate of 513.9 ibm/hr with
the calibration fluid at 601F. That value is slightly below the
acceptance band. The post-test calibration of that fuel control
unit demonstrated a maximum fuel delivery rate of 517.3 ibm/hr
with 60°F calibration fluid. Those flow rates represent the
individual calibration of fuel control unit S/N 1443454 and are
not representative of all F107 engine fuel control units.

Data for Engine 828, recorded late in the cold day mission cycle
with both the engine and the fuel control unit heated up as a
result of 4.8 hours of operation (Figure 3-28), indicates that
with fuel temperature at 600F, the fuel delivery rate at maximum
power would have been 502 ibm/hr. This represents a reduction of
11.9 ibm/hr when compared to the fuel control unit pre-test
calibration. It is evident that heat soaking and thermal expansion
have acted to depress the fuel delivery rate from the fuel control
unit even though cold fuel is being supplied to the control.

Total fuel temperature range calibrations of a cold F107 engine
fuel control unit with a JP-9 fuel supply have demonstrated that
a cold fuel control, when set to the lower maximum fuel delivery
limit, will deliver 550 ibm/hr when supplied with -65°F fuel. If
that same fuel control unit calibration flow rate was to be
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raised 5 ibm/hr with 60OF calibration fluid, data extrapolation
would indicate that the cold fuel control unit would deliver 555
Ibm/hr with the fuel supply temperature at -651F. Note, however
that the calibration flow rate being discussed is at or near the
lower end of the specification flow rate tolerance band with 60°F
calibration fluid. In a worst-case situation, with maximum fuel
delivery at the upper tolerance limit, a fuel delivery of 570
lbm/hr would be possible with a cold fuel control unit and a -650 F
fuel supply temperature. That high of a fuel delivery rate would
be unacceptable in that it could over-pressure the engine.

3.4.3.5 Post-Mission Calibration at Mach 0.7, Standard Day
Condition

The pre- and post- mission simulation test calibration comparison
is presented in the performance summary (Table 3-I). Performance
changes were minimal with the SFC deteriorating by less than 0.5
percent. Maximum continuous HP spool speed had decreased by only
50 rpm which yielded a 0.7 percent loss in measured thrust. The
post-test calibration demonstrated that the engine still met all
performance requirements.

3.4.3.6 Fuel Control Unit Performance

The engine fuel control unit maintained governed HP spool speed
within the specification limits at all times. Changes in governed
HP spool speed as a function of inlet temperature are shown in
Figure 3-27. The engine was trimmed at WRC to an HP spool speed
of 62,610 rpm at an inlet temperature of 360 F. During the initial
Mach 0.70 performance calibration at AEDC the engine ran at an HP
spool speed of 62,550 rpm with a TIT of 17850 F. A slight drop in
maximum governed HP spool speed, to 62,400 rpm, was noted during
the hot day mission cycle but the engine still produced thrust in
excess of the specification requirement.

The fuel control unit was replaced after failing to respond to
input voltage variations during the hot day cycle. The replacement
fuel control unit was trimmed 150 rpm lower than the previous
unit for Mach 0.70, standard day conditions. Note that with the
replacement fuel control unit installed, the engine once again
showed a drop in governed HP spool speed during the hot day
cycle. The fact that the engine demonstrated a loss in governed
speed with two separate fuel control units installed suggests
that the phenomenon is more a characteristic of the engine than
of the fuel control unit.

3.4.3.7 IP Air Bleed System Performance

The air bleed system on Engine 828 was capable of delivering the
required airflow and pressure at all conditions tested. Test
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results are presented in figures 3-29 and 3-30 which show the
observed data for engine 828 in comparison to the F107-WR-400
specification engine. The better-than-specification results ob-
served on this engine are due to the high LP spool speed which is
shown to be 700 rpm over that calculated for the specification
engine at any given speed match.

3.4.3.8 Start Analysis

Engine 828 completed two successful cartridge starts to initiate
the hot and cold day mission simulation tests. The start time
history traces for these two starts are shown in Figures 3-32
through 3-35. A comparison with the F107-WR-400 specification
start requirements is shown in Figure 3-31. The test cell tempera-
ture around the engine was not measured on the cold day start but
with the 45 minutes required to condition the inlet duct tempera-
ture to the required -90F, it was felt that the cell ambient
temperature was approaching -90F immediately prior to the start
attempt.

3.4.3.9 Conclusion

Engine 828 demonstrated compliance with the specification perform-
ance requirements for the F107-WR-400 engine. The maximum contin-
uous rating thrust exceeded the specification requirement except
where restricted by the low maximum fuel stop setting in coldclimates. A low maximum fuel delivery rate has been experienced
on other qualification engines and it is emphasized that the fuel
control units should not be set up to deliver less than 540
lbm/hr at a fuel temperature of -650F. For the F107-WR-400
engine, Figure 3-28 shows that fuel delivery should not be less
than 528 lbm/hr with RJ-4 fuel at -150F.

3.5 MECHANICAL ANALYSIS

3.5.1 Teardown Inspection

The post-mission simulation test, dirty and clean teardown inspec-
tions indicated that no engine hardware had failed or was in
danger of failure. Minor indications of light seal and shroud
rubs were present and were considered normal for an engine having
completed the run program accomplished with Engine 828/build 6.

There were two items of significance noted during the teardown
inspection. The first item was that one of the 13 balls in one
of the accessory drive bearings had been reduced in diameter as
shown in Figure 3-56. The other 12 balls measured normal and
little or no distress was apparent in the bearing that contained
the small ball. The other bearing of the pair appeared to have
no damage and measurements appeared normal. No accurate estimate
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of remaining service life is possible; however, there were no
signs of progressive failure present.

The second significant item was a greater than normal amount of
foreign material present in the oil reservoir. Chemical analysis
of the particles indicated that 440C stainless steel, bronze,
aluminum, and 300 series stainless steel comprised the majority
of the material observed. The particles were most likely carried
by scavenge oil flow into the reservoir where they were separated
out of the low velocity oil stream. Filtering in the oil supply
system would have prevented any of the particles from being
carried to the oil jets. There was no evidence of excessive
contamination noted in the oil filter and the oil system appeared
to have operated normally throughout the test program.

3.5.2 Engine Operating Characteristics

3.5.2.1 Oil Sample Analysis Data

The oil sample analysis data presented in Table 3-V was derived
from laboratory reports provided by AEDC (ref. Appendix G of this
text) and is presented for information purposes only.

3.5.2.2 Oil and Bearing Temperature Data

The oil and bearing temperatures and oil pressures recorded
during the testing at AEDC are compiled in Table 3-VII. No
unusual trends can be observed from this information. Results of
engine oil consumption tests are presented in Table 3-VI.

3.5.2.3 Engine Vibration Data

Engine vibration levels recorded during the testing at AEDC are
presented in Table 3-VIII. No unusual indications or trends can
be observed from this data.

3.5.2.4 Fuel Control System

The results of the pre- and post- engine test measurements on the
fuel control unit, the fuel shutoff valve and the fuel control
inlet air temperature sensor are shown in Appendix E of this
text. The fuel control unit represented in these tests is the
unit installed at AEDC (S/N 1443454) to replace the unit originally
installed at WRC.
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3.5.2.2 Oil and Bearing Temperature Data

The oil and bearing temperatures and oil pressures recorded
during the testing at AEDC are compiled in Table 3-VII. No
unusual trends can be observed from this information. Results of
engine oil consumption tests are presented in Table 3-VI.

3.5.2.3 Engine Vibration Data

Engine vibration levels recorded during the testing at AEDC are
presented in Table 3-VIII. No unusual indications or trends can
be observed from this data.

3.5.2.4 Fuel Control System

The results of the pre- and post- engine test measurements on the
fuel control unit, the fuel shutoff valve and the fuel control
inlet air temperature sensor are shown in Appendix E of this
text. The fuel control unit represented in these tests is the
unit installed at AEDC (S/N 1443454) to replace the unit originally
installed at WRC.
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TABLE 3-I. ENGINE 828/BUILD 6, PERFORMANCE COMPARISON, WRC TO AEDC.
(SEA LEVEL, STATIC, STANDARD DAY)'

WRC AEDC
I. At N2/4 = N2 Test at +3.65 VDC to Fuel Control Actuator

Thrust Fn/6 (100% FM min - INDICATE % FM) 2 100.8 102.3
HP Speed N2/4 - (63200 rpm max) 62,610 62,300
LP Speed N1/4r (34755 rpm max) 33,400 33,390
EGT EGT/O (1130°F max) 1020 1009
TIT/O (1925'F max) 1805 1788

II. At Fn/6 = Fm
EGT EGT/O (11301F max) 1010 1035
SFC SFC/8 -67 (100% SFCM max - INDICATE % SFCM)3  -3.4 -5.7
Airflow W-0/6 (14.0 ibm/sec max) 13.50 13.60

(13.19 ibm/sec min)
HP Speed N2/46 (63200 rpm max) 62,400 62,050
LP Speed N1/4 (34755 rpm max) 33,200 33,050

(31445 rpm min)

III. At Fn/6 = 90% Fm
EGT EGT/O (1060°F max) 935 990
SFC SFC/0 "6 7 (97.4% SFCM max - INDICATE % SFCM) -2.7 -5.7
Airflow Wr6/6 (13.39 ibm/sec max) 12.95 13.0

(12.61 lbm/sec min)
HP Speed N2/Je (62883 rpm max) 61,300 60,900

(60417 rpm min)
LP Speed N1/0 (33180 rpm max) 31,800 31,700

(30020 rpm min)

IV. At Fn/6 = 75% Fm
ECT EGT/8 (960 0 F max) 940 935
SFC SFC/O .67 (94.1% SFCM max - INDICATE % SFCM) -1.6. -4.5
Airflow W//6 (12.46 ibm/sec max) 12.00 12.05

(11.74 ibm/sec min)
HP Speed N2/ j (60894 rpm max) 59,500 59,050

(58530 rpm min)
LP Speed N1 / (31080 rpm max) 29,800 29,600

(28120 rpm min)

I WRC data corrected to sea level, static, standard day conditions.

2 FM is minimum thrust at the maximum continuous rating at sea level
static as specified in Table 1 of PID Spec 24235WR9501A SCN 010
dated 17 October 1978.

3 SFCM is maximum SFC at condition 1.
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ENGINE S/N 828/6 TEST GATE

DATA WITH BLEED AIRFLOW AND POWER
EXTRACTION
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Figure 3-2. Engine 828/Build 6, Net Thrust versus HP Spool Speed,
Comparison of WRC and AEDC Data (Sea Level, Static,

Standard Day)
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ENGINE SIN 828/6 TEST OATE

DATA WITH BLEED AIRFLOW AND POWER
EXTRACTION
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I Figure 3-4. Engine 828/Build 6, Exhaust Gas Temperature and Turbine

Inlet Temperature versus HP Spool Speed, Comparison of

WRC and AEDC Data (Sea Level, Static, Standard Day)
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ENGINE S/N 828/6 TEST ATE APRIL 16, 1980

TARGET SYMBOLS REPRESENT SPEC RATINGS WITH BE EED & HP

FLAGGED SYMBOLS REPRESENT TEST DATA WITH BLEED & HP
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Fiqure 3-7. Engine 828/Build 6, Net Thrust versus HP Spool Speed,
AEDC Performance Calibration Data (Sea Level, Mach 0.70,
Standard Day)
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ENGINE SN 828/6 TEST DATE APRIL 16, 1980

- TARGET SYMBOLS REPRESENT SPEC RATINGS WITH BLEED & HP
- F LAGGED SYMBOLS REPRESENT TEST DATA WITH BLEED & HP
- OPEN SYMBOLS REPRESENT TEST DATA WITH NO BLEED & HP

F107-WR-400

SEALEVEL MACH 0.7 STU DA.

63

KEY
PRE-CAL INITIAL FUEL CONTROL

0 PRE-CAL 2ND FUEL CONTROL

2 PRECERTIFICATION T

............................................ -

SPOST-CAL Tl- .-

. 60
61

cc

a.59

-2.0 - 1.0 0.0 1.0 2.0 3.0 4.0

PLA ~VOLTS

Figure 3-10. Engine 828/Build 6, HP Spool Speed versus PLA Volts,
AEDC Performance Calibration Data (Sea Level, Mach 0.70,
Standard Day)
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0 TEST DATA
SSPECIFICATION
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Figure 3-29. Engine 828/Build 6, Bleed Air System Performance,
AEDC Performance Calibration Data
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TEST DATA
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Figure 3-30. Engine 828/Build 6, Bleed Air System Performance,.

Hot and Cold Day Mission Simulation Data
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Figure 3-31. Engine 828/Build 6, Cartridge Start Times as Compared
to Ambient Temperatures, Hot and Cold Day Mission
Simulation Tests
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APPENDIX A

PRE- AND POST-TEST DIMENSIONAL DATA

This Appendix is a compilation of pre- and post-test measurements
on critical engine components.
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APPENDIX B

F107-WR-400 RUN PROGRAM NO. QT21

6 NOVEMBER 1979

ADDENDUM NO. 1 TO

F107-WR-400 RUN PROGRAM QT21

15 NOVEMBER 1979

ADDENDUM NO. 2 TO

F107-WR-400 RUN PROGRAM QT21

25 MARCH 1980

ADDENDUM NO. 3 TO

F107-WR-400 RUN PROGRAM QT21

7 APRIL 1980
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4 Williams Research Corporation

7 November 1979 CMEP 1-0773

Department of the Air Force
Aeronautical Systems Division
Wright Patterson Air Force Base
OH 45433

Attention: YZET/Charles Hutcheson

Subject: Transmittal of F107-WR-400 Run
Program No. OT21 to Arnold
Engineering Development Center (AEDC)

Gentlemen:

Attached are two copies of "F107-WR-400 Run Program No. QT21,"
dated 6 November 1979 pertaining to Mission Simulation Endurance
Qualification testing to be performed on Engine No. 828
scheduled for January 1980. This run program is being provided
as a guide and supplement to the Qualification Test Plan CMEP
91-4043G, Report 78-145-8, 18 October 1979, Approval Copy Version
(QTP) to aid in performing the test. The QTP should be referred
to for detailed information and to complete the "definition of
testing" requirements. I am forwarding this run program to you
for your review and transmittal of a signed copy to J. Fergus
at AEDC upon your acceptance of the QTP and the attached run
program.

Sincerely,

WILLIAMS RESEARCH CORPORATION

F. L. Sole R. B. Balsley

Sr. Development Engineer Program Manage

FS/el

cc: Letter and Attachment Letter Only

R. Lewis P. Wood R. Liposky
J. Fergus (AEDC) R. Stephens D. Merry

B. Beckett R. Conley

Attachment

2260 WEST MAPLE ROAD - WALLEO LAKE, MICHIGAN . 4408

ARIA C002 313 624.6210 - TW! 00. 410 2332-15
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F107-WR-400 RUN PROGRAM NO. QT21
6 November 1979

1.0 GENERAL INFORMATION

1.1 Increment Title

F107-WR-400 Phase II Qualification Testing

1.2 Increment Category

1.2.1 Environmental vibration test per PID specification
(Reference A) paragraph 4.6.4.13.2 and WR-400 QT plan
(Reference B) paragraph 3.3.3.

1.2.2 Mission simulation endurance qualification test on
RJ-4 fuel per PID specification (Reference A) paragraph
4.6.3.2g and WR-400 OT plan (Reference B) paragraph 3.2.4.

1.3 Objective of Test

1.3.1 The objective of the environmental vibration test is
to demonstrate that the F107-WR-400 engine is capable of
successfully completing an environmental vibration test as
defined in paragraph 4.6.4.13.2 and 3.3.3 in the PID spec-
ification and WR-400 OT plan respectively.

1.3.2 The objective of the mission simulation test is to
demonstrate that the F107-WR-400 engine is capable of
successfully completing a mission simulation endurance test
with simulated terrain following as defined in paragraph
4.6.3.2g and 3.2.4 in the PID specification and WR-400 QT
plan, respectively.

1.4 Test Schedule

The anticipated calendar testing period is 7 January 1980
through 31 January 1980.

1.5 Test Article Configuration

The engine to be tested will be engine No. 828 which is a
Model No. XF107-WR-400 engine P/N 1029110-108 with OPEVAL and
QT instrumentation.

Paragraphs 2.1 and 2.2 of the WR-400 QT plan (Reference B),
the specific parts list and top assembly and basic assembly
drawings submitted to the using service and test facilities
should be referred to for any further information required
relative to the test article definition.
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F07-WR-400 Run Program No. QT21
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1.6 Test Cell Configuration

The standard test cell configuration used for the F107-
WR-400 FSD testing will be used. Capability for performing
simulated launch starts using both air crank and pyrotechnic
cartridge, and the pop start valve is required.

Williams Research Corporation (WRC) supplied engine IP bleed
measuring station as shown in Figure 1 will be used. Detailed
requirements concerning cell configuration and facility
support requirements are provided in the WR-400 QT plan
(Reference B), Section 2.6.

1.7 Security

Security is as specified in Cruise Missile Classification
Guide OPNAVINST S-5513.2 of 25 January 1979.

1.8 Engine Operating Limits

The engine operating limits are defined in the table below.
Two sets of values are given for each parameter. Should the
engine reach the Column A value, the on-site WRC representative
is to be informed immediately. No further action is to be
taken unless the WRC representative deems it necessary.
Should the engine then reach the Column B value, the engine
is to be shut down immediately.

A
Advise WRC

Parameter Rpr!ee!tative Shut Engine Down
LP Rotor Speed rpm rpm
HP Rotor Speed 64,000 rpm 65,000 rpm
EGT Avg Steady State fGraph to be provided with engine vs
EGT Ind Steady State Inlet Temperature
EGT Ind During Start QTP Fig 3-3 170g°F
#1 Brg Temp* 3000F 3500F

#2 & #3 Brg Temp 450°F 5250F
#4-5 & #6 Scav Oil Temp 4500F 5250F
Oil Pressure (Min) 40 psig 30 Steady State
Oil Pressure (Max) SS 120 psig 200 psig
Vibration Inlet** 15 g's rms 30 g's on any

two channels
Vibration Triax** 15 g's rms 30 g's on any

two channels
Vibration Rear Hsg** 50 g's rms No Limit

*Bearing temperature limits in Column B are to be compared
to the coldest reading when two readings are available.

**Correlation of control room monitor vibration readings
and the actual engine location and direction of the
accelerometer (i.e., radial, tangential or axial) being
read is required.
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1.9 Governing Documents

In the event of conflict between this document and the
qualification test plan, the contents of the qualification
test plan shall be considered a superseding requirement. Items
.2 and 40 on the test summary sheets are an exception to this.
2.0 INSTALLATION

2.1 Installation requirements are defined in paragraph 3.2.4
of the WR-400 QT plan (Reference B).

3.0 DATA ACQUISITION

3.1 Instrumentation

The engine instrumentation requirements are as shown on the
attached instrumentation requirements sheets and Table 2-IV
and Appendix B of the WR-400 QT plan (Reference B).

3.2 Data Required

Data acquisition requirements are as defined in paragraph
3.2.4.6 and 2.6.3 of the WR-400 QT plan (Reference B).
Steady state data during the mission simulation is to be
taken for those items indicated by Table 3-I of reference
B.

3.3 Data Reduction Requirements

The current T-5/F107 Data reduction program will be used
to compute engine performance. The value of the turbine
flow parameter is TBD. All other engine constants currently
being used in the data reduction program remain unchanged
except exhaust nozzle angle value and direction must be
compatible with the F107-WR-400 engine nozzle. A second
calculation of engine performance will be required using
theta - (T2/518.67) 0.67 for fuel flow correction. Plots of
data required are specified in paragraph 2.73 and Tables 2-V
and 2-VI of the WR-400 QTP. A calculation of turbine inlet
temperature will be required also.

4.0 TEST PROCEDURE

4.1 Test Sequence

Due to the nature of these tests, they must be run in
the sequence given on the attached test summary sheet.
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4.2 Oil Consumption

Oil consumption shall be determined before, during and after
the mission simulation endurances. The consumption before
and after the endurance shall be computed during the pre and
post calibrations, items 16 and 40 respectively on the
attached F107-WR-400 test summary sheets. Oil consumption
during the mission simulation endurances shall be determined
after items 29 and 37 on the test summary sheet. The
"Drain and Weigh' method will be used to compute these
consumptions. MIL-L-23699 oil will be used in the engine
main oil tank.

4.3 Environmental Vibration

The environmental vibration test is to be performed as
defined in paragraph 3.3.3 of the WR-400 QTP (Reference B).
This test is to be completed prior to shipping the engine
to AEDC.

4.4 Initial Engine Start and Checkout

Upon completion of the engine installation in the test
cell, the fuel system is to be purged of air and pres-
surized per Appendix H of the WR-400 QT plan (Reference B).

Engine is to be operated as defined in Appendix C, paragraph
8.0, of the WR-400 OT plan (Reference B) in order to check
out all instrumentation hook-ups and perform an engine
trim check.

4.5 Engine Calibration Under Simulated Flight Conditions
(Pre-endurance Calibration)

The pre-endurance calibration is defined in paragraph 2.7.3
of the WR-400 QTP plan (Reference B) and is to be completed
as part of the testing defined by paragraph 4.4 of this
run program.

4.6 Hot and Cold Day Mission Simulations

After completing paragraph 4.5 above, perform the high
and low temperature mission simulation test as defined
in paragraph 3.2.4 of the WR-400 QT plan (Reference B).

B-6
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4.7 Post-Endurance Calibration

The post-endurance calibrations are defined in paragraphs
3.2.4.8 and 3.2.4.10 of the WR-400 QT plan (Reference B)
and are to be completed as part of the testing defined by
paragraph 4.6 of this run program.

Reference: A. Prime Item Development Specification
24235WR9501A, December 1978

B. Qualification Test Plan CMEP 91-4043G
Report No. 78-145-8 18 October 1979
Approval Copy Version

th/tr5
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ENGIN~E VIEW INDIRECTION 8 11300)I
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0035

BLEED MEASUREMENT STAT ION STACK
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Figure 1. Engine 828 IP Bleed Measurement System.A124
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1 November 1979

ATTACHMENT No. 1
Engine S/N 828 Oil Consumption Measurement

The following procedure is intended to give a good measurementof oil consumption during the portions of testing on engine
S/N 828 indicated in the following table:

Oil System
Summary Sheet Test Engine Engine and Oil Type

Required Item No. Description only Aux Tank Eng Aux
X 16 Pretest Calib X

X 27-29 Mission Sim Hot X
Recertification

X 35-37 Mission Sim Cold X
Endurance

X 40 Recalibration X
Base Line Check

*Oil type is MIL-L-23699

The table specifies when checks are required and whether check is
only using engine oil system or both engine and the auxiliary oil
system. Oil types that will be used in the main tank and the
auxiliary oil tank are indicated in the above table. For each
consumption run, it will be necessary to document the specific
gravity of the oil in the engine before and after the run in
order to accurately compute consumption in gallons per hour.

These specific gravity chesks should be made after the oil has
cooled to approximately 75 F. All oil drained from the system
is to be retained and returned to WRC with th4 engine. Each
container is to be tagged as to which part of the engine it
was drained from, date drained, and time drained.

Detailed procedures for computing consumption using engine oil
system only and engine and auxiliary oil systems together are
provided below. In calculating the oil consumption for the
test using the methods defined below, care must be taken to
determine the exact amount of oilt'put in the engine and drained
from the engine. For example, if the oil is put in a beaker
or graduate for easier pouring into the engine, that beaker
or graduate should be weighed clean, with the oil in it and
after the oil has been poured into the engine. It takes very
little oil clinging to the container to alter the measurement.
Some rough checks indicate that 2-3 grams cling to the container
every time it is used, and this can represent 10 to 15 percent
of the oil usage during a 20 minute run.

B-16
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1.8.12 De rmine the volume o oil in the engine a the
beginning of e test from the wei t in 1.5.5 and the
specific gravit from 1.5.5. Recor gallon

1.8.13 Determin the volume of oil i the engine oil
\nk at the end of t test from 1.8.4 a 1.8.5.
RLord ga, ons.

1.8.1 Determine the v ume of oil in the 3 cavity at
the en of the test from 1. .6 and the specific ravity from
either 1. .6 or 1.8.5. Reco _______g~l ns.

1.8.15 ermine the volume oil consumed durin test.
(1.8.10) + .12) - (1.8.13) - .8.14). Record res ts.

_________ g ons.

1.8.16 Determin the oil consumptio rate in gal/hr from
e engine run time record _ _ and the oil consum
(8.15). Record rca t. _ _____1/hr.

1.9 NOTE: Before crating engine agai be sure
engine as-been serviced w h oil.

2.0 OIL CONSUMPTION MEASUREMENT - Engine System Only

2.1 The procedure for performing an oil consumption check
using the engine oil system only is defined below. Steps 2.1.1
through 2.1.5 nust be completed within 30 minutes of shutdown
following an engine run equivalent as a minimum to the warm
up run defined in attachment no. 2.

2.1.1 Drain the engine oil tank and the 2-3 cavity for
eight minutes if not already drained. Replace the oil tank
and gearbox drain plugs.

2.1.2 Weigh the empty container that will be used to add
oil to the engine. Record weight

2.1.3 Add 825 ml of the oil specified by the table above
to the container and weigh the container with the oil in it.
Record weight

2.1.4 Pour the oil from the container into the engine oil
tank. Then weigh the container and record weight

2.1.5 Determine the amount of oil added to the engine by
subtracting 2.1.4 from 2.1.3. Record . Measure
specific gravity of oil from the batch of oil used. Record

B- 17
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2.2 Perform the engine run during which oil consumption is to
be measured.

2.3 The following steps are necessary to determine oil consumption
after completing 2.2 above.

2.3.1 Weigh the container that the oil will be drained into
and record the weight

2.3.2 At 10 minutes after shutting the engine down, begin
draining the oil from the engine. Drain both the oil tank and
the 2-3 cavity into the container. Drain for eight minutes.
Weigh the oil and the container. Record weight

2.3.3 Subtract the weight of the container 2.3.1 from the
weight of the oil and container 2.3.2 to obtain the weight of
the oil drained. Record weight _______

2.3.4 Subtract the weight of the oil drained from that of
the oil added in 2.1.5 to determine the weight of oil consumed.
Record

2.3.5 From the weight of oil consumed 2.3.4, the specific
gravity of the oil 2.1.5, and the engine run time, calculate
the oil consumption rate in gal/hr. Record _ _

2.3.6 Install the drain plugs in the oil tank drain and the
2-3 cavity drain.

2.4 NOTE: Before operating engine again, be sure engine
has been ser-vced with oil.

jb/hr9

B-I8



IIWOWlma, Reseach Corporaion CHEP 95-4120
Report No. 79-106-39

ATTACHMENT NO. 2

ENGINE WARM UP RUN

5 September 1979
Page I of 1

1. Service engine oil system, if required, per direction of WRC.

2. Air start to idle.

3. Run 2 minutes at idle while checking engine health parameters.

4. Accel to 60K N2 - run 6 minutes minimum.

5. Decel to idle - run 2 minutes cooldown.

6. Shut down.

7. Drain engine oil - minimum drain time is 8 minutes to assure
thorough draining.

jb/hr9
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Nil Williams Research Corporation

16 November 1979 CMEP 1-0786

Department of the Air Force
Aeronautical Systems Division
Wright-Patterson Air Force Base
OR 45433

Attention: YZZT/Charles Hutcheson

Subject: Transmittal of F107-WR-400 Addendum
No. 1 to F107-WR-400 Run Program No.
QT21 to Naval Air Propulsion Center
(NAPC)

Gentlemen:

Attached are two copiis of "Addendum No. 1 to F107-WR-400
Run Program No. QT21," dated 15 November 1979. This addendum
pertains to addition of oil tank pressure instrumentation to
and revisions to engine operating limits for engine No. 329.
I am forwarding this addendum to you for your rcview and
transmittal of a copy to R. Burns it NAC upon y,.or acc, pancc
of it.

Sincerely,

WILLIAMS RESEARCH CORPORATION

F. L. SoleR.1.Jasly
Sr. Development Engineer Program Managq

mr/mrl

cc: Letter and Attachment: Letter Only:

R. Lewis P. Wood D. Best
R. Burns (NAPC) R. Stephens D. Merry

B. Beckett R. Conley

Attachment(s)

320 WEST MAPLE ROAO WALLED LAKE. MICHIGAN • 48089

AMRA C001 3 $2I24 -i I W 1 4 0 t 0 2 1 1 1

B-20
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ADDENDUM NO. 1 TO
F107-WR-400 RUN PROGRAM NO. QT21

15 November 1979

Reference: F107-WR-400 Run Program No. QT21, dated
6 November 1979

The purpose of this addendum is to provide further definition
to the testing required on Engine No. 828. The testing is to
be performed as defined in the above reference with the
following exceptions:

1. The following instrumentation is added to the instrument-
ation requirements and is to be read by a facility transducer.

Parter Toal N. Total No. Range Steady Trans- ROM
Designatin Sm of Rakes of Probes Min Max State lent Mitor

Prssre (PSIA)
OlTank Pre...re . PINK 1 1 0 40 / / /

2. In paragraph 1.8, Engine Operating Limits of reference A,
the following engine operating limits are revised to the values
indicated below or added as indicated below. If not listed
below, the limit remains as cited in reference A.

A B
Advise WC

Parmter Rpeettv htEgn o

Revised:

#1 Brg T 300'F 350'F
#2 & #3 Brq 1tmp 450OF 525F

"

#4-5 & 06 Scav oil Tlamp 4500F 525 0F
Oil Pressure (Min) 40 psig 30 psig Steady State
Oil Pressure (Max) SS 120 psig 200 psig
Vibration Inlet 15 g's m 30 g's on any

to channels
Vibration Triax 15 g's nis 30 g's on any

tw channels

Oil Tank Pressure Graph to be provided with engine
Verm=s crrected LP rotor speed

B-21
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Addendum No. 1 to F107-WR-400 Run Program No. QT21
Page 2

nBearing temperature limits in Column B are to be compared to
the coldest reading when two readings are available.

3. Items 1-2 above are exceptions to paragraph 1.9, Governing
Documents of reference A.

mr/mrl
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Williams Research Corporat ion

25 March 1980 CMP 1-0935

Department of the Air Force
Aeronautical Systems Division
Wright-Patterson Air Force Base

* OR 45433

Attention: YZET/Charles Hutcheson

Subjectsa Transmittal of F107-WR-400 Addendum
No. 2 to F107-WR-400 Run Program No.
QT21 to Arnold Engineering Development

*1 Center AEDC

Gentleman:
Attached are two copies of "Addendum No. 2 to F107-WR-400
Run Program No. QT2l," dated 25 iMarch 1980. This addendum
deleteis environmental vibration test requirements for engine
No. 828-6 to be tested in April 1980. I am forwarding this
addendum to you fox your review and transmittal of a copy
to J. Fergus at AEDC upon your acceptance of it.

Sincerely,

WILLIAMS RESEARCH CORPORATION

F. L. Sole R. B. Baisley
Senior Development Engineer Program Manag er

iur/ha2

Attachment(s)

cc: Letter and Attachment: Letter Only:

B. Cockshutt P. Wood
R. Lewis B. Beckett
J. Fergus, AEDC D. Merry

R. Conley

221 WEST MAPLE ROAD - WALLED LAKE. MICHIGAN *486

ARIA'coot its $24.5200 iwa 4O. ale IIIiss*a
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ADDENDUM NO. 2 to F107-WR-400
RUN PROGRAM NO. QT21

25 March 1980

Reference: A. F107-WR-400 Run Program No. QT21, dated
6 November 1979.

B. Addendum No. 1 to F107-WR-400 Run Program
No. QT21, dated 15 NOvember 1979.

The purpose of this addendum is to provide further definition
to the testing required of engine No. 828-6 during April 1, 1980
through April 15, 1980. The testing is to be performed in its
entirety as defined in the above references, including a cart-
ridge start at the beginning of each cycle. Exceptions to the
definition are as follows:

1. Paragraphs 1.2.1, 1.3.1, and 4.3 and Item No. 12 on the
Test Summary Sheet of Reference A which pertain to the
environmental vibration portion of the qualification test
are deleted.

2. Item No. 1 of this addendum is an exception to paragraph
1.9 Governing Documents of Reference A.

mr/ha2
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can Williams Research Corporation

9 April 1980 CMEP 1-0951

Department of the Air Force
Aeronautical Systems Division
Wright Patterson Air Force Base
Ohio 45433

Attention: YZET/Charles Hutcheson

Subject: Transmittal of F107-WR-400 Addendum No. 3 to
F107-WR-400 Run Program No. QT21 to Arnold
Engineering Development Center (AEDC)

Gentlemen:

Attached are two copies of "Addendum No. 3 to F107-WR-400 Run
Program No. QT21," dated 7 April 1980. This addendum pertains
to replacement of the fuel control and continuation of the QT
Phase II WR-400 mission simulation test on Engine No. 828 that
was terminated on 2 April 1980.

I am forwarding this addendum to you for your review and trans-
mittal of a signed copy to J. Fergus at AEDC upon your acceptance
of it.

Sincerely,

WILLIAMS RESEARCH CORPORATION

F. L. Sole B. Balley

Senior Development Engineer Program Manager

ls/tc2

Letter and Attachment Letter Only
cc: B. Cockshutt P. Wood

R. Lewis B. Beckett
J. Fergus, AEDC R. Conley

2260 WEST MAPLE ROAD * WALLED LAKE. MICHIGAN . 46088

&*#A1 CODE $t3 414.SIee. T W 1 E 0, 01. I 3 S

B-26



i i Wlliam. Rc..h pwti. CMEP 95-4120WReport No. 79-106-39

ADDENDUM NO. 3 to F107-WR-400

Run Program No. QT21

7 April 1980

Reference A: F107-WR-400 Run Program No. QT21, dated
6 November 1979

B: Addendum No. 1 to F107-WR-400 Run Program
No. QT21, dated 15 November 1979

C: Addendum No. 2 to F107-WR-400 Run Program
No. QT21, dated 25 March 1980

The purpose of this addendum is to provide further definition

for the testing of Engine No. 828 currently installed in cell
T-5 at AEDC. Testing was terminated on 2 April 1980 due to a
lack of engine response when a change of power level was commanded.
The fuel control was removed and is to be replaced. The test is
to be continued as defined in the above references with the following
exceptions.

1. The replacement fuel control and a set of ignitors shall
be vibrated on another engine as defined in Paragraph 4.3 of
Reference A prior to being installed on Engine No. 828.

2. Upon completing installation of replacement fuel control,
the engine is to be started to idle and a leak check performed.
Repair leaks as required.

3. After completing Step 2, check engine trim by performing
a slow accel to +3.65 VDC PLA or engine operating limits (whichever
occurs first). This shall be performed at Reference A test
summary sheet Item 16 conditions (SL/0.70 standard day with 5.0
shaft horsepower extraction, bleed, and a clean inlet.)

4. After Step 3, adjust engine trim if necessary (reference A

test susmary sheet Item 17) to HP Speed - 62,550 + w0 rpm
at +3.65 VDC at SL/.70 standard day with 5.0 shaft hGA9o;r
extraction, bleed and a clean inlet.

5. After Step 4, perform a three point engine calibration
(Reference A test summary sheet Item No. 16 except perform only
top three power settings) taking two data points at +3.65 and
only one data point at each of the other two power settings.

B-27
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Addendum No. 3
7 April. 1980
Page 2

6. After Step 5, at the same flight condition and engine
loads as Step 5, perform a rapid accel - decal from -7.15 to
+3.65 to -7.15 VDC PLA with a 60 second stabilization period
at +3.65 to ensure speed at +3.65 is repeatable (within t75
RPM of trim speed). Adjust engine trim accordingly if required
until speed is repeatable.

7. After Step 6, replace ignitors with those that were
vibrated in step 1. Also inspect engine for fuel and oilleaks anod repair leaks. If repairs are required, perform a
check run after completing the repairs (Item 24 of Reference A
test as-~ry shoot).

8. After Step 7, perform a final leak inspection if a
check run was performed and service oil system if no further
check runs are required. (Item 25 of Reference A test summary
sheet.)

9. After Step 8, perform the mission simulation test
as defined in the above references from reference A test summary
sheet Item 27 through 41 except a compressed air crank start
in Item 27 shall be made instead of a cartridge start since
a cartridge start was already performed for that item on
2 April 1980.

10. Steps 1 through 9 of this addendum are exceptions
to Paragraph 1.9 Governing Documents of reference A.

ls/mb2
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fIoU(ST FOR O(V TtWI'~AI|I 'V1&1lt p*IpVo 'OO*",6 C'v,. ,
,Su V14.1ro-io 00 45 FOR MTIRC.n103j1 28 June 1978

4I1TTWEAIMV&h corporation
2280 W. Maple Rd., Wailed Lake, MI 48088 1110- E-O- 7-11-

I M IGRATION FOR O[V1AT I/*A I v II S WE L..f W(C-LO i # I
-Fo( /,( 6t ..... .009 ,A. FECTEO .. . ..._01 ,. , l

s*@ Blk 6 24235 ee Blk 6 D-002 .. . ..

I P CIFICATIOFINS AIPKCTIO.(sT PLAN - 0 OAWINGS AFFECTE

• __________.... . t . .. o. t C t. ca "No..... 4

fVfd9plated conduit assemblies 0 ff'1§7 & bi6
to meet corrosion resistance requirements tLIN
Engine, Turbofan , C M. 0. 4 ,
F107-WR-(noted) N/A I N/A | I lf-,ITO f-oC.".cf.

S-'i 1 ilO mS ~DI . in. ¢ I 14ucn s. 11 *. a 5464q Ill/ , tat s. 4
I 

0,1, O4 104354N Ov,r1.., vt

Fuel Contro., Mai n / c,TurmiI 'nAe, +RS ,~ cm/c 9"0 2
0 £ftr(C? 0 CO''IN 0l~pl~l .'. '(Y OS OKIV[flY 5054[OU.S

To Be Negotiated See Block 24
_T''wlc ON ,.INWRT OGI JjI' 1C i Wl JMrlc TPl. tATI[N', €I LT C.

None
3Woodward Governor Company, supplier of the FI07 C.E Main Fuel Control
Reference: Woodward Governor: Request for Deviation No. WG-D-002

Units, WRC P/N 23850 and 23860, requests approval to rework their
Conduit Assy, P/N 5439-062 by applying electroless nickel plating
per MIL-C-26-74, Class 1, Grade A (.001 thick) to the two end fittings,
reidentify the assembly as P/N 539-10, and substitute for the P/N 5439-
066 Conduit as P/N 5439-70, and substitute for the P/N 5439-066 Conduit
Asay specified on their 8061-007 and 8061-009 parts lists.

The primary need for the proposed deviation concerns the F107 Component

Qualification Phase of the 23850 and 23860 Fuel Control Units which is
currently on stop. The 5439-70 Conduit Assy will be a rework of the
present 5439-062 Conduit Assy with electroless nickel plating applied
to the Type 410 cast and Type 416 wrought stock ends, both of which
evidenced corrosion during qualification humidity testing. The action
taken to correct the corrosion problem was to change the materials from
Type 410 cast and 416 wrought stock to Type 347 stainless steel cast
and machined ends.

(continued on Attachment A)

19 00OOUCTION f~tICT-11 81 S10-1. 5410
See Attachment A

' " .. .. -_./f.-. '.ic! .46l.Vt"
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ATTACHMENT A Request for Deviation

No. WRC D-002

BLOCK 4 & 6 DESIGNATION FOR DEVIATION

a. MODEL/TYPE - This deviation is applicable to Engine Models;
F107-WR-101, F107-WR-102, and F107-WR-400.

b. SYSTEM DESIGNATION - This deviation is applicable to Systems
designated; AGM-86B, AGM-109, and BGM-109.

BLOCK 24 NEED FOR DEVIATION (continued)

The secondary need concerns continuation of the FCU Component
Qualification Test (currently on stop) and utility of available
hardware.

Complete conduit assemblies and end fittings of Type 410 and
Type 416 stainless steel are available for rework for all the
FCU's presently on order. The electroless nickel will provide
the corrosion protection required by the specification. Inter-
changeability is not affected.

Approval to implement the rework and use of existing hardware
will permit resumption of component qualification testing and
deliveries without further schedule delays, and thus provide
sufficient lead time to accomplish the incorporation of Type 347
corrosion resistant stainless steel end fitting for subseqnent
production follow-on.

BLOCK 25 PRODUCTION EFFECTIVITY BY SERIAL NO.

F107-WR-LOI S/N E000321 thru E000342
F107-WR-102 S/N E000101 thru E000122
F107-WR-400 S/N E000701 thru E000758

C-3
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JOINT CRUISE MISSILES PROJECT OFFICE
WASHINGTON. O.C. 2M)O

IN REPLY REER TO

JC4-850 :JR
Ser 823

1 p 797A

From: Contracting Officer, Joint Cruise Missiles Project
To: Williams Research Corporation, Walled Lake, MI 48088
Via: DCASO, Williams Research Corporation, Walled Lake, MI 48088

Subj: Contract S00019-78-C-0206, F107 Engine, Deviation - 001 and -002,
PCOL-E-78-L38

1. Subject deviations have been 'reviewed and are approved contingent upon
WRC's acceptance of the cost/price which is "to be negotiated" at not
greater than zero cost Co the Government.

Copy co: //, ..
WPAFB (ASD/YZ07) 

.F.

Local WRC Rep -oject
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ACGJ[ST FOR DEYIAIONIVAI41E R.rc ".CPa*lO 'W .,G Crar* ,Q0
20 April 1979

Williams-.esearch Corporation
2280 W. Maple Road, Walled Lake, MI 48088 - ..

.I I . 4ATICO I- 'V . - ,'f .A S 1 ... &$1 IN [ SE sir .3TEC E a S Sfcvv Cok .
. " . .. . . . I'3c: : SI1 . Z- f I e 1

24235 , D-014RI _ _ .,

Substitution of Solid Raw Material CLIN 0002AA
.1.GUAICA 1OI00 Ni*I.AU8 

DSE15 -.~~C OAS~C~
Turbofan Engine N/A N/A" '.,.s EMj@ ,,

Gas Start Conn. Block 3482 /r 20 C3s e
so. irViCT rN COSTIPIT1Cs . T O QCLI"'. 505bL5

At No Change in Estimated Cost & Fee See Block 24
17. S'.'(Cr A'. *hGT'...'. LOGISTr %wOer. ATOVAis. ET.rcN/A

01, DM AT+l + O[ 14i I~ lla[

Allow parts to be fabricated to casting print requirements, except
use (347 SST), 03-221 (Plate, Sheet & Strip. or (03-222 (Bars, Wire),
in lieu of configured casting, (347 SST) 03-241 (Investment Casting).

*4a; XF107-WR-400 *4c, BGM-109
XF107-WR-102 AGM-109
XF107-WR-101 AGM-86B

Lead time for investment castings will not support initial pyrotechnic
development schedule requirements.

.Pl07-WR-400 (S/N 826 - 834), XF107-WR-102 (S/N 200 & 201), XF107-WR-101 (S/N
.. 4 •7 tj) r ' TL2 . E / K , 7400 401,

/Z v 7 1' 1 - - . " , , ] -v

, gg'.rl ai,,, 35,1 + l~ ual+r

DO, ;.- 1694 . .. .,,...........
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RIIUCi T FOR OtIATIOIVAIVII92 WE REPA RED -, I 'Dv, 40.
(SI WlL.Rh*J* 3 onat M tAM37110CT1"8 2November 1979

Williams Research Corporation
2280 W. Maple Rd., Walled Lake, MI 48088 )@, 10* C ICR,,,.

4. MSIGRATION FOR O(VIATION/WAIV(R 5, @-. Ut g*M FtCT[0 -. OTMER SY5TtMCO.f.t1 ;.

So* At C 24235 -- D-051 ET0O. ,,ATtI ACT

7. SPECIICATIOS AFFICTID.7TST PLAN' 11 DRAINGS AFfCCT[O

SP.C./cOc. no. S we I m. C= MKII " .0 .
.. s'"' I I ~24235 2,696 [ -

I.VW ,.A _ _N/A
,tsPL- I

Spark Ignitor Traceability LI5See Attach A)
Ia. cc NO. 1S. '1CI 14. XFCC Al ll N

Turbofan Engine N/A NIA 3.02 -4 Or.C.
-11 55 -Rd WI~ -57 S. *SN*5* A~5 045.4. 7 O o i

Enqg AaMly Tole Attac h A N/A 64l 'I. Ww Is EAN0G2VATOWIE

No Effect None

No Effect
5.1. 04SCIDTION O tlf~ult

Allow use of serialized, nontraceable ignitors in engines remaining under
the FSD Program.

The vendor, Champion Spark Plug Co., has notified Williams Research that
they will not provide traceability for their igniters. The vendor states
that it would be difficult to undertake a traceability system for just
one igniter type and that their present inspection system combined with
the testing required by the WRC igniter procurement specification is
sufficient to supply a quality product.

it 04OCON (MCTIl' ,V SbIy" . 'ML%

See Attachment A

-- a - .. + ~~~.oSm, 0vti
'

-' /
/I CPPROVAI/0SA7PPOVAL

*P505 SCCe. S¢€EOl, , .,l'5Ov(O O' .....(0

0'* c w4f ' C 449/~7
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ATTACHMENT A
D-051

BLOCK 24: PRODUCTION EFFECTIVITY BLOCK 4a/4c/10/16

40E/YE SYS DESIG EN P/Na luSN S/Dl

XF107-WR-101 AGM-86B 1022951-106 0002AA 325
XF107-WR-101 AGM-86B 1022951-109 0002AA 1, (TBD)
XFI07-WR-101 AGM-86B 1022951-110 0006AK 326
XF107-WR-101 AGM-86B 1022951-111 0002AA 400 - 402
XF107-WR-101 AGM-86B 1022951-115 0012AA 326

xF107-WR-102 AGM-109 1023700-102 0002AA 105
XF107-WR-102 AGM-109 1023700-108 0002AA 1, (TBD)
XF107-WR-102 AGM-109 1023700-109 0002AA 200 - 202
YF107-WR-102 AGM-109 1023700-111 0002AN 122'

XF1o7-WR-400 BGM-109 1029110-107 0012AA 706
XF107-WR-400 BGM-109 1029110-100 0002AJ 815
XP107-WR-400 BGM-109 1029110-106 0002AA 1, (TBD)
XF107-WR-400 BGM-109 1029110-108 0002AA 826 - 829
XF107-WR-400 BGM-109 1029110-111 0012AA 706

YF107-WR-400 BGM-109 1029110-100 0002AC 814
YF107-WR-400 BGM-109 1029110-101 0002AC 722
YF107-WR-400 BGM-109 1029110-109 0002AC 723 - 756
YF107-WR-400 BGM-109 1029110-110 0002AC 816 - 822
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*IOUEST FOR OEVIATION/VAIVII ATC PePMO POM "0 CT11,T ",.

,E vg..sh.40 m .I ' t.10 November 1978

Williams Research Corporation
2280 W. Maple Rd., Walled Lake, MI 48088- 1110-.0 R -Ajo0 crCA.

4 OISIGNATION 00 OEVIATION/WAIVCP 1. 4AS Li0( AFFICTtO I O ThE S , ,
0. . ' 4 4.Y~ Il* . COOS 4. lYL. 011G. 4. LLO.4o -. 5*2l01 n Ts *44ICT(O

* 24235 * -036 O
.
* E; C] 00 T

MSpCI'ICATIONS AF(CTFO.TIST PLAN 8 DRAWINGS AFECTEO
N I. COOS SP1[./OC. 01O. 10 I 01. COOl 1al . 0.t.

n. .201l~

'IS' 1P.411

Waive Bearing Traceability Requirements CLI 0002AB
SI 0140* 3A11r105 201 t '1. CD NO . , 0i 1,T .l 1. O1F111T 0.AO VSCATION

See Attachment A N/A /A -.,o. [M-o. 'C3. ,
a '0 " OSW M~U * A. 04CT -- j KM0 4440401 lS& I. LOT . . "one 0.4(IMS VIATIW.. A

Bearing N/A * 3o
20 -r(

,  

- - "0ST.4*O CE. CF,T 19G 4O

To be notiated None
00. 'r.1. * 216t 040rLg/A.O ISTIC; lUPQ"*T. *iOTIWI.C. (TO*

None
11 O(MCI-OIft 0 K' I wAr l -a

Allow use of bearing listed on Attachment A. These bearings are
serialized, but do not have full traceability.

*See Attachment A

RED PO4 4 00 l l1 6URwat04

The bearings were purchased with no traceability requirements. Sub-
sequently, the Government directed WRC to provide fully traceable
bearing, a requirement which can not be met with current engine test
and delivery schedules. All bearings purchased after this lot of
bearings shall have full traceability or, at the Governments request,
this requirement would be dropped.

.
lI ' I F

1694 .....o........... 8... .
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10 November 1978
WRC Waiver W-036
ATTACHMENT A

Blocks 8, 16 & 18 BEARINGS AT WRC (RECEIVING INSPECTION)

OR DUE TO BE RECEIVED

P/M Date Vendor PO Amt Date Rec'd Chg Ltr WRC Spec

27099 3/29/77 MRC 91818 263 9/5 A P-7420
27099 3/10/78 MRC 99864 68 8/21 A P-7420
27099 11/11/77 MRC 97022 77 3/17 A P-7420

29056 11/21/77 BARDEN 97039 99 7/20 NC P-7410
29056 11/21/77 BARDEN 97040 10 7/26 NC P-7410

19301 4/13/77 MRC 91849 44 4/5/78 B P-7410
19301 10/4/77 MRC 96302 288 3/21/78 B P-7410
19301 11/12/77 MRC 97023 65 B P-7410
22988 11/12/77 MRC 97024 78 7/11 NC P-7410

23372 12/11/77 FAFNIR 97095 20 9/6 NC P-7420

29056 11/21/77 BARDEN 97039 99 7/20/78 P-7410
29056 11/21/77 BARDEN 97040 35 8/18/78 P-7410

27100 1/21/77 MRC 89108 7 7/20/78 P-7420

27066 3/17/78 BARDEN 99892 9 6/12/78 P-7420
29477 10/14/77 BARDEN 99332 70 5/24/78 P-7420
29477 10/26/77 BARDEN 96377 10 7/25/78 P-7420
29651 2/13/78 BARDEN 98565 52 8/25/78 P-7410
29652 10/22/77 BARDEN 96359 75 6/15/78 P-7410
29845 12/12/77 BARDEN 97033 25 8/31/78 P-7420

27099 6/15/76 MRC 83310 3 8/31/78 P-7420
27099 MRC 89107 4 8/31/78 P-7420
27099 11/11/77 MRC 97022 33 8/31/78 P-7420
27100 11/11/77 MRC 97021 75 8/31/78 P-7420

22098 9/19/77 SPLIT BB 94280 65 8/21/78 P-7420
22098 3/25/77 SPLIT BB 91813 5 8/21/78 P-7420
23383 2/6/78 SPLIT BB 98626 25 9/1/78 P-7420

22988 11/12/77 MRC 97024 13 P-7410

22098 11/17/77 SPLIT BB 97030 25 P-7420

23371 1/23/78 FAFNIR 98578 20 P-7410

23410 1/25/78 NEW HAMPSHIRE 98610 50 P-7420
29843 2/1/78 NEW HAMPSHIRE 98611 20 P-7420

BLOCK A: XF107-WR-400 BLOCK C: BGM-109
YF107-WR-400 AGM-86A
XF107-WR-101 AGM-109
YrI07-WR-101
XF107-WR-102
YF107-WR-102
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RIQUEST FOR OEVIATION'WAIVER )Avg P A 111 w1o AC-T,. 10,

'lt OL.S -'"*, OR 48 FO P .UST3JCTIGW.SI
24 January 1979

)*OlOAT~* q 40 4 $s H5

Williams Research Corporation O o[].

2280 W. Maple Rd., Walled Lake, MI 48088 F.,.. 2-Joe lcx"C,
4. DESIGNATION FOR Oi9VIATION/WAIVER S 4 AM LINt AfFECTED j OTO(R $S0TOWIC 'Go

I*242 35 I V* 0,1 W-042 [I,,; C~-&O 'l. -sCR
7 $PECIFICATIO $ AFF(CTEO*TEST PLAN 8 DRAWINGS AFFECTED

. cOOl C./OC. e. COE . N A . . .

. , ISM_ _ IA N_/ '_

SIT *T- ___________
1 'lLE 30 9VI OlP~UWAg00A . 6 C7 0 a L~0 I CIr

Waive Bearing Traceability Requirements See Attachment A
I -U RA04 OU T4 W- lAT

See Attachment A '147 .. N/A OGFL.AsS U ,

. A 0 IT .61111 01 et. ?. LTT No I-iI. ffy

Bearin : j7OT'e*

None None
02. 0'I U 0161010 OIOOC 10001. WKSC. ETC.

None
a].+ 091CRI tlk 0

r

of Vl&IOW"lIlvenAllow use of bearing listed on Attachment A. These bearings are

serialized, but do not have full traceability.

See Attachment A

.Ref: WRC-W-036

14 0010 viae'8 01V tlO~ &v(A

The bearings were purchased with no traceability requirements. Sub-
sequently, the Government directed WRC to provide fully traceable
bearing, a requirement which can not be met with current engine test
and delivery schedules. All bearings purchased after this lot of
bearings shall have full traceability or, at the Governments request,
this requirement would be dropped.

29 05 jTU ar01C'." SY SIS..L D(

FSD Engines as allocated to stock depletion.I P-J. K-'4 Fl~tv

Z7. APPROVAL/O I SPOVAL

-10 ADO, ?. 1694 0.. . ssr.m..... oo..........
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ATTACHMENT A

W-042

BLOCK 23: DESCRIPTION OF DEVIATION/WAIVER

Waiver 036 was approved 17 November 1978 permitting the use of
bearings which were serialized but did not have full traceability.
At the time of submittal, we thought we had accounted for all
contingencies. However, we have located 5 lots in MRB and have
been informed by one of our vendors that they have 2 lots for
delivery made from parts overrun of a previously delivered order.
The particulars are as follows:

A. BEARINGS ROUTED TO MRB

P/N VENDOR P.O. AMT DATE REC'D WRC SPEC

27100 MRC 73112 22 8/26/77 P-7420

27100* MRC 89108 7 8/12/78 P-7420

27100* MRC 89108 3 9/7/78 P-7420

27099* MRC 83310 114 8/26/77 P-7420
73112

27099' MRC 83310 48 8/26/77 P-7420

27099 MRC 99864 68 8/21/78 P-7420

27099 MRC 99864 47 P-7420

B. BEARINGS FROM OVERRUN PARTS

P/N DATE VENDOR P.O. AMT DATE REC'D CHG LTR WRC SPEC

27075 5/2/78 Barden 101847 20 --- C 9-7420

27066 5/2/78 Barden 101848 11 --- C P-7420

These bearings not serialized will be returned to vendor for
serialization.

BLOCK 10: CONTRACT NO. AND LINE ITEM

N00019-78-C-0206

CLIN 0002AA CLIN 0002AE CLIN b002AM
0002AB 0002AH 0002AN
0002AC 0002AX 0002AR
0002AD 0002AL
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MW115 FOR KVIATIU/WAlI SAM 211 AIM GO"-* ACTE"I ma
(SU iI13El .a "t PO M=lII

5 July 1979

4MIThSase jarch Corporation R,-
2290 W. maple Rd.. Walled Lake, Mi 48088 3'.. 0"-- OCX ...

4. OSI0 IATION FOR OVIATIOI/WAIVtO S. SAM L( AfFICTED A* 2wT C W -CbTW J

A. ElOM/mWE 1. .wo. cOS . SYS. at51M. ' Uw ,,f[EPC'ED

See Blk 23 242 35 as Blk 2h W--090i R s

T. SPIAiPICATIONS AFPICTED-l'ST PL.AH 0 OPASINCSO rEPCT(O12e. CM- plC/SA0C. me. -k COW U___ t __. _

6. ErM

C. rCE? KRA
I I 2 ESIV*i ,VESl vJlSA T l I IS TI

-. CmTRACT o fl ,r/

N00019-78-C-0206
TaW4iit Ana or nl TT (nont

Turbofan Enqine 'N/A N/Al ,EM
, R v PAREl a WOO A v M L S t* a" 'I. U. " - . , G O ,O, 1

Oil Cooler 23748 N/A a
-0. (,F~ll?' US CUIrWEWECI Al('C S01.EM SSA

None N/A

N/A
Z3. 09CI'tf Opp DMvAv'OW"I. es
Allow us* of P/N 23748 oil coolers listed on Attachment A. These
oil coolers are serialized, but do not offer full traceability.

(see Attachment A)

(Ref: IRR 180786)I EL~1. RHOS IS ETLTUJA"

(see Attachment A)

ES. RNMSCTIOM EFFECT11" 01STERIAL ARMAMR

See Block 23

I A/ Ir-PPROVAL/01ISAPPOTAI

N. *EMNAE4 *INES ~ AEV9E 0 01 SAP10EtIE

771 I A,,NT,,,V- ~
DD, M-AR1694 E,'A E
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ATTACHMENT A

W-090Cl

BLOCK 23: DESCRIPTION (continued)

S/in TT5791297H TT5791292H
TT5791900H TT5791286H
TT5791290H TT5791291H
TT5791287H TT5791293H
TT5791901H TT5791905H
TT5791296H TT5791289H
TTS791294H TT5791903H
TT5791904H TT5791288H
TT5791902H TT5791295H

MODEL NO. SYSTEMS DESIGN CLIN

XF107-WR-102 AGM-109 0002AA
YF107-WR-102 AGM-109 0002AN, AR
XF107-WR-400 BGM-109 0002AA

YFI07-WR-400 BGM-109 0002AC

BLOCK 24: NEED FOR DEVIATION/WAIVER

As a result of a change in the manufacturing source, traceability
on the units identified above, was not maintained. These units
were in the process of fabrication when Waiver-082* was submitted.
At that time, unit S/S's were not available, therefore, it was
not possible to include the above 18 units with W-082*.

Midland-Ross/Janitrol, the new supplier, has implemented corrective
action for units which will be manufactured completely by them in
the future.

* (W-082 traceability of oil coolers)

C-13/C-14 Blank
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APPENDIX D

VIBRATION TEST DATA

This appendix is a graphic presentation of data observed during the
environmental vibration testing related to Engine 828/builds 4 and
6 at Bendix Aerospace Systems Division - Ann Arbor, Michigan. Two
types of curves are presented. One type is the sinusoidal vibra-
tion sweeps performed to identify the resonant frequencies to be
used for the 30-minute constant level vibration inputs required
along the lateral and vertical axes of the F107-WR-400 engine. The
second type of plot shown represents the power spectral density
(PSD) curves obtained during the 30-minute random frequency vibra-
tion inputs along the three major engine axes.

The material presented herein is divided into four sections. The
first section contains the specification power spectral density
(PSD) curve for the F107-WR-400 engine. This specification curve
may be used in evaluating the PSD curves representing the random
frequency vibration testing completed on Engine 828. No specifi-
cation curve exists in reference to the sinusoidal vibration sweeps
as these surveys were run primarily to identify test points for the
30-minute constant input level vibration tests.

The second section presents a chronology of events and the vibra-
tion curves obtained during the initial vibration test series, run
on 4 January 1980.

The third section presents a chronology of events and data obtained
during the second complete vibration test series performed with
Engine 828. This second series was run subsequent to discovery of
the fact that the first test series had inadvertently been per-
formed without an airframe generator installed on the engine. It
is required that all accessories and components be installed on
qualification vibration test engines. This test series was per-formed on 14 January 1980.

The fourth section is a presentation of events and data curves
obtained during the vibration testing of fuel control unit S/N
1443454 (installed on F107-WR-400 Engine 704 as a test vehicle).
This fuel control unit was subsequently shipped to AEDC to replace
the fuel control unit which had failed on Engine 828 during the hot
day mission simulation cycle. The S/N 1443454 unit was subjected
to the complete environmental vibration test requirement while at
Bendix Aerospace.

D-1
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SECTION I

SPECIFICATION POWER SPECTRAL DENSITY CURVE
FOR THE F107-WR-400 ENGINE
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* .14
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SECTION II

A chronicle of events and the vibration test curves obtained during
the initial vibration test series, which was conducted on 4 January
1980.

D-4



IIWilliams Research Corpoation CMEP 95-4120
Report No. 79-106-39

LR ___

TEST SEQUENCE Page

Test item VJX &A16-miAJ ri07- LUt. 4o0 PN_______
TetSN 812r Date /4.

Technician Test EngineerJ.&

Timre Teat
Seq of Mode Teasti
No. Day Axis -No. Time I Remarks

/ 4~kk j ' ,Ov~ /,0-/00O/' Any,% 4r-C,

JA /g.b -' 7,,3 7*-L /$-*'a Z.O5f
S2- 3cer wA-SO r 2)

S O&2 Ag~ W / /015A /- dO~~ Z..Og /lal ra 7 AAiAg i ,
4  ),L ep

f-w~ ej /~ Z. 0 -qLonA& e,,dat 4ddfC.

/~~~~l.dw ffw z '*e. Ar /S-~-, C Z4.2 ic~L~~ 1S~ 1
so";.-,4' . Oa g4_ .4 AWMoA'J e 7.00

1__1 1O*' /0- /40- /0 4' r -- .dI;td7~Aie
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SSTEea TST DPARTMENT OBSERVED DATA Page 2

rest jtrni: *w0 - zWTs Date ;f
rechUMI1.411b: Approved by:
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FIGURE 2
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VIB6R A TIO0N L E V E L S -

Test Item, L.tC 5r~ cial NuJmror: 2
Test Date: FoE~j ,l:\cr -'~

100 ....

444

105 10 U U 1U 1
Frqec Hz

4408

w ~ [4



IIWelliams Research Cot porai io. C 9- 2
Report No. 79-106-39

TR

~IGUft

V1It A I ON L E V E L

Test item. So! trwt Nubr -

Test Dta: 6!-' A ~ii i

ho I

10 t . ....

4- -,.

;T'Tl

Frequency -l

440-8 A

*1 [40,



IIWilliama Reuoarch Corporation CMEP 95-4120
Report No. 79-106-39

MIOURh /0

Tout Iten: L4f ~' Serial Number: 722
Teot Date: /- 70 input Axis: 4Tmr.AL - SOJ

.. ... .Z ....

*10

.1 .a .
La

. . . .. .. . . .. .. . .

0 00 LO
Frqeny H

44-

2-" 6



EiWilliams Research Corporatlon CMEP 95-4120
Report No. 79-106-39

T R

FIGURE /

V IB RA TI N L EV E LS

Test lterm:vl C I ~ ~ erial NMiiber:

* 4 Toot Det:, 3  Inphut Axis;1 Vgt~iC, L --s,.e
Re sponse~ Axis:

T T- 1



IIWilliams Resiarch Corporation CMEP 95-4 120
Report No. 79-106-39

Awainopwat

V ISItAT ION L EV E L S-2 -

Test Item: W C !FJ t'JC Serial Number: g2
Test Dae cInput Axis: A-e

A nie: "

ArAVIL/ 012

. .. . .. .. . . .

.
I T 1 1

.

.
..0

.44

10 zo ~ Frequency -Hz I U

440-8 A

D-18



IIWilliams Research Corporation CMEP 95-4.120
Report No. 79-106-39

T R
P. 15URE

V 1 1A 7 0N LEVELS

Toot Item: -4/XAC -~~<? ~& '~ SeriaitNumnber:
Test Date: Input Axis: -'Te7 - -//

Recqponse Axis:

,V~w0 -e1 4A' A'

10

.44

.. . . .. .

Frequency Hz

440-8 A



HUE illamsResarchCororaionCMEP 95-4120
Report No. '9-106-39

VIB1RATION LEVELS P'

Test ltotn:'..k(-C-1iJ(,AJC tr/e'?-J'4oV Serial Number:
Toot Date: '--Z nput Axis:

4Cc.

104

....1 .....

. ...

. . . . . ..... . .. .. . ..... ....

. ..... .

I. 
I

... ... .. ... U



IIWgiliams Research Corporation CMEP 95-4120
Report No. 79-106-39

TR

FIGURE if

VIBR A TIO0N L EV EL S

Teat Item: A4,Cb4t to-g Serial Number: 2
Test Date: TIput Axis.: >cr - S"t'd

/- Response Axis:

i I

10 ... ... .... i

..... .... ...

.4 ......

UU

Frequency Hz

440-8 A

D-2]



IIWilliams Research Corporation CMEP 95-4120
Report No. 79-106-39

V 1m RA T 10N L EV E L S-y-

Test Itemn: v4r. f~t5,Aod oe-le 4 7- Serial Number: fZ
Test Date: Inu Axis: Z.7~d

00

.. . .... .. . ....

..........

S. . ......... . . . . . .

.t4

Frequency -Hz

440-8 A

D-22



EEWilliams Research Corpmration CMEP 95-4 120
Repor-t No. 79-106-39

IG FGRE 1'7

Teat Itemn: kfee twdnr-,w tex Serial Number: 9ZZ
Teat Date: Input Axis: 74A.

Response Axis:

--
a 

- - -- - -

100

*41
0H

U 50a 0LO

FrqenyH

440U A

D42



IIWilims Research Corpowation CMEP 95-4120
Report No. 79-106-39

T11
FIGURE/

V1IAAT! ON L EV EL S

Tsst itezm:WiL L.'/gAO7C Serial Number,
Test Date: Input Axis;:J".

~~ Response Axis:

[IT

1 0 1. .. ..............

1 .T I - ... .

.. . ... . .

.U

........

D-2



IIWilliams Research Corporation CMEP 95-4120
Report No. 79-106-39

~ TR

$MST TIEST OEPARTMENT Fgr

RANDOM VIBRATION SPECTRUM

Teat, C,;oe e
Teat Item: y SN:
Test Date: Axis: r

A T-
L J I

04

0.3

il

at-

of.-

.0013 A Frqec - H

I DI2I5



IIWillims Researh Cocporintitn CMEP 95-4120
Report No. 79-106-39

- I TR

$MEWTU TEST DEPARTMENTFire0

RANDOM VIBRATION SPECTRUM

Test. QC..Asc e44'.
Test Itern: Ld.ee rc. 4.?.t 4e- V4 SN:
Test Date: J-t xs

U

.0

t..V

-7 2



ADIS27 WLLIAMS. REEARCH CORP WALLED LAKE MI FS2/
CRUSE ISSLEENGNE RORAM CONTRACT DATA REQUIREMENTS LIST S--ETC(U)

JUN 14W L TOOT N00019-78-C-0206

UNCLASSIFIED WRC-79106-39 NL



J1Whllnm Reewc Corporaton CMbEP 95-4120
Report No. 79-106-39

SVSTA UIS? DEPAR TMENT Figure 2/

RANDOM VIBRATION SPECTRUM

Test: G%*AC.
Test Item: cmvc %P4Qjwr-,, - -e VV SIN://

Test Date: . 7.j. Axis: "9

14

44

FA 1 1.

.0

D-T2



0010111afh opoata CMEP 95-4120
Report No. 79-106-39

-~ TR
ISSEMS TEST DEPARTMENTFiue Z

RANDOM VIBRATION SPECTRUM

Test: cdCTeat Dte: cae (FI1,a Ai: /z (r)
T e t ate : / -7 E d (o ' A x s 4J '. jrj

II

01

-illueI- -

7-2



WIII ResearfchCop CMEP 95-4120

Report No. 79-106-39

SECTION III

A chronicle of events and the test curves obtained during the
second vibration test series, conducted on 14 January 1980.
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SECTION IV

A chronicle of events and the test curves obtained during the
conduction of F107-WR-400 specified environmental vibration tests
on fuel control unit S/N 1443454.
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APPENDIX E

PRE AND POST-TEST CALIBRATION DATA FOR THE FUEL CONTROL
UNIT AND FUEL SHUTOFF VALVE

This appendix contains pre- and post-test calibration data for the
fuel control unit and fuel shutoff valve used on Engine 828/ build
6 during the hot and cold day mission simulation tests. The fuel
control unit represented here (S/N 1443454) is the unit installed
on the engine at AEDC as a replacement after the failure of the
fuel control unit originally installed on the engine.
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Woodward Govarnor Company Tsp- 1730
Rockford, Itlinois Page I of 7 REV. NEW

W000dARo GOVEROR COMPANIY TEST SPECIFICATI0M FOR 83209 - FUEL C0ITEOL
C IL-C-7024 Type 11 Calibrating Fluid

Case ;Io.______

W. G. Sim/N 4 i l- W.G. Order,-

Custcmr- Williams Research Contract tio.:

- Woodward P/M William~ P/ T 7 (
Ciq4d,ff#f/a ,

Date-. -'I t Tested ___________Tesstndic

Sensor" No. _ %3

1.0 Test Conditions T.\

1.1 The following conditions %hall be maintained for the entire test.

1.1.1 Control supply fuel pressure (Ps) a ZO psig supply.
1.1.2 Ambient air teM - 70t104F.
1.1.3 Ambient pressure a 14.7+I psia.
1.1.4 Pressurizing Valve: A remote pressurizing valve set to 80 psi

above Pbc should be used in the metered flow line.
1.1.5 Back pressure controller. Oownstream of the pressurizing valve use

a pressure regulator referenced to COP and downstream of an
oplfice calibrated to give 144 psi &P at 400 pph.

1.2 Test Equipment
1.2.1 15 HP varlable speed stand, 13,000 rpm. .05. speed control.

1.2.2 30 PPH - 600 PPH flowmeter O.5'. accuracy (2 required).
1.2.3 0-50 PSI &P gauge : .ZS psi accuracy (P1-P2).
1.2.4 0-"O psig pressure gauge !10 psi accuracy (P1).
1.2.5 0-300 psia pressure gauge .2 psi reading accuracy (COP).
1.2.6 0-800 pstg pressure gauge !10 psi accuracy (PZ).
1.2.7 -800 pslg pressure gauge t10 psi accuracy (PN).
1.2.8 0-100 psig pressure gauge !1 psi accuracy (Pb.)-

1.3 All control settings should be made while aoproaching the set points
as ?ollows, unless otherwise specified.

1.3.1 Engine inlet temperature simulator or sensor-approac.h set
temperature from a lower temperature.

.3.Z Compressor dischiargje pressure-eioroacn set point from a lower
,essurve. Hysttrsis checks Should oe approached from a
higner pressure.

1.3.3 Speed setting voltage -poroacn f?-m a numerically lower value
unless otherwise snecified.

1.3.4 Oo not overshoot set point. rf set point Is overshot, reduce or
incri-ase Input signal, depending on requirsment and approach
set point again.
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TSP-1730 Page 2 RE1. "

"" PSIA '16EP 0 PV/' INOTES LIhITS ACTUAL

F2.0 Functional

2 .1 ' P U M c ap acity [ 7 1 1 P s95 PM m n1455 ISet .6M20
10 (60) (AP41 ps1 )

2.Z Ultimata

11000 1150 1.620 3.58 Stopcock Flow for n25-775 psid(60' W) 0 _ Imax. of 2 seconds (Pi.Ps)
1±200Plecard valve

cracking pressure

2.3t Bu I. tn-T-st..

- 10 1 Record &IT Signal 12.64-14.64

.., -7.0 9.91-11.91 10 e 2
2.3 0 3.5-.5..L.1 3. - .38 i.36
3.01 Power Ler Schedule

.1 9,5 .,20(60-"r) .5 Set to 129 Ppq4 9725 9924 10123! .

3. ! 138." -- St t_ 0 PPH 10 72

3 .31 INI Set to307 M 11423 11 554 I

3.1 209 3.5 Set to 387 M4 11994 1204 12054

3.1 209 4.012 Set to
387 PPH 11994 12024 12054

3.i 1209 Set T.P. 3.4 Re-
doc P/t. V to
382 PPM 3.1V 3M4V- bo be within 10 rpm of setting in pars 3 L-.
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TSP-1730 Page 3 RD..

RPM PSIA 150iES VoC NOTES L114ITS ACTUAL

4.0 Temerture Override Sclhedule RPM

4.1 1 4 .591 (0) 3.5 set a IPP l7n7 I  '1flf 1 7 .

4.2 t 48 .574 PP3I 114411519 115941

* , F, 13.6 Set 821

4.3so .555 .6Set83P_ 11191 11231 11371 1~i(_.65-)

4.41 209 .591 (a') 3.6 Set 390 PPH 11763 11823 11883 -)CIO

4.5 209 .S74(-35) 13.6 Set 384 PPH 11483 11558 11633 1 ISLA-)

4.5 209 695( -' 3.6 Set 380 PPH 112331 113231 11413

5.0 ;Acc"l. DmI, Max. & Start F1.. Altitude

5.1 Accel 600F Flew

_ _ _ _ _ _ AP _

S.1.1 7100 40 .620(6SO-) 3.6 __ 0 4 8 3

5.1.2 7100 40 -7.01 %0 84 88 93 ' .

S.1.31 10700 120 36
-~ . *257 266 271 S

5.1.4 11500 180 7384___ 398 411 - -

,..0 I  1 .679(17W)3., 61 3 7, ), 4 .'S
I i i a _____4 439 458

5.4, Accel -65'F .(170'F) 3. 8 7 7 9
~S.4.2us 103 0  .67(90' 3.6 409___ 424_43

E-4
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1P-170 Page 4 REV. "

- PR PSIA VaIC
S"D I I TCKS P/I NOTESI. T ACTUAL

41 5.51 Oecel scme RPM

- A -N- NO M . M A X.

5.5jZ 12024 100 .620(60-) -10 91 96 10 ,

5.L; Starilna Flow

5.5.1 145 14.7 .620(6-) -7.01 S 61 64 [ ..

5..Z 1844 14.7 .6ZO(60-) -7.01 j58 63 67

5.7! Altitufe Schedule

5.71.1 11100 1 Q 1.620(60-) 13.6) 1_______ 184  88 93j%

6.01 A11tude governor Schedule

r.T 1 27 .620(W) 13.6 197 PR 11 96-2 P
6.2 107 1.620(W-) 3.6 187 PPH 11964-12084 RPM

7.01 Governor Gai n
7.1' 209 .620(600) 3.6 Spe" below Record 14r

11000. Raise to
11964 rpm. L

7.2 Increa RPM to Record Wf
19 12024

7.31 Incr se RPM to RA ord Wi

)7.41 Lower RPM to 12004 - 120o34

7.51 I - r 7.1 mnus 7.3 109-164 PPHI

*All speed settilngs tlI00 RPM except Ust, 5.6.1 tl.4'
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-T4-7I-73 U -Pass- Ri.~V

SPEED I P T / I NL I L1M ACTUAL.
RPMq ]PSIA I ICicES VOC NOTES LMT CUL

8.0 Idle Soeed SettinQ Seed, ~~i Ra. a.

L 10000 72 .620( 0) -7.0 Reduce Speed to 9190 9Z36 92.2
give 95PP" &

I: Record

Li 9000 -7.0 Inc spedto 9190 9236 9282

Ll, LZ lqess 8.1 EOxRDa 9X
ca. Pumo Unloailng

9*1I 104 140 .620(60") -7.0 Reduce P/1. -7, 15 to

*200 Voltage below -7.0 -9.675 V
and record thle
voltage that Wf

_ _ _ dro .__

19.Z 12024 Z40 .620(60) 9.775 Reduce P/. Voltaq, 1 PSI sax.
±0 to -9.775 & Rol~P2'Pbc

10.4 Look ___cks •

i10.11 12024 240 .620(001 3.5 Raise P1 to Ult. No external
*200 setting -20 PSI leakage altar

1 i 0 .620(50*1 -10 Boost - 50 PSIG None after
seal. leakage . 10 in.

Reducoe to N'o-ne Lr~er
5PSI{} 10 mi~n.

Che ok for shaft seal leakage during cal. tor 1 cc.inx.

any 30 min. of nonal clibratin running. after 30 u n. 0
11.01 Drive Torque

Uri ve torque vi1 be measured with a torque 15 in.lb. max.
wruncm after the control has ben run for a

1nim of S mnutes an the test stand and
vinved. This toot does not have to be n-
In sequence and could be done after the
rininder of the test procedureis cmpleted.
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TSIP-1730 Page 6 REV.

12.0.1 Final Check List qta

l2.11 set stops in electric actuator.

1Z. Epoxy .actator stco screws. C"c shape eoxy pr ass'y 66g.

13.01 Ground Isolation & Stall Current Tests. (Ref. TSP-1665)

T, Condition M.tar Limit Master Limit
Polarty IPol1ari

13.1: SRS to ZSV s0km min. .m

13. z8v tocue + ok min. P - 0k min. cw5

13. SASto case50a SOk min. C 160-l.
13.4 Stall Current at SS-ISVOC Limit (1.1 a max.) _

13.0 Stall Currant at SRS SVOC. Limit (1.1 a max.) ' 0

13.4 Voltage at iax. Stop (Set 4.10 to 4.20) RECORD

13.1 Voltage at Shutoff Stop (Set -10.40 to -10.50) RECORD -

j V

C 83070 NW I D £ .
-j2 39 047 N/ r- D 4# r D D

A. 763.4 VW a-
A4 7C 9 2/-2 tyw A A A '1 A N - -

NELW 74 9 2I-/;Y A1~W (W M~ ~/NW 8 9 N0W~1211

LIE/C NQO.w SHEET NUMBERS
REVISION STATUS
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Uoimard Governor C=,-any TSP-1720
;IockfOrd, Illinois Page 7 REV. E

ACC"T iJ' , T.-T AUDIT

4 tii~~fs~actor ~ L~~

4~4'~NDate

S "n M. I. M EC RORDRE -MARK

1 95 oh -- Pum Capacity

iA 11994 12054 0- -100' Speed

ai '11733 11353 Speed Reset:1 .1 143 14 11/3 Speed reset

S.1. 84 93 40 PSI Accal.

0.547458 ZOO PSI Accal.

1,.S 257 275 120 PSI Accal.

4431 453 4 Max. Flow

.5.1 1 4  161 Oecal

S& 64 start Fla.

. Ilonae External leakege
after C1, Sensori

.z Nane Static Leakaqe

P7/5/15 ON TAPI

E-8
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III w.,.mRs.wh Cp,. CMEP 95-4120
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ftawrd governor Company X3209-DZS
Rockford.- 1l mi S Illi noi

WOODWARD GOVEIo COMPANY TEST SPECIFICATION FOR 83209-CIT SENSOR (ATP) VALVE
NIL-C 7024 TYPE 11 CAL1BRATIRG FLUID

SERVICE LIMITS

IDENTIFICA.TION NO. . ('.
,Tse Villaims Res -rh Coro.

Woodward P/N Chk Chk

X8209.01SS 8901-140

* =33209-0201 _ (le-ly -

X209-031 (oe-,go ,
H01-126 QW,

Dat e ? .- ,-0o Teste 8y, :. Test Stand No._71

4 - Calibration to be recorded using fixture WT656Eo

Deired Min. max. Actual

F'.- ~ ~ & _ _/20

,.-65 .557 .562

.0 - .5885 .5935

75 .635 .6325 &A__7I.o ' s.I. s -, - 7-

in 17.6745 .683 _ __

7 .6ms . 62S

-a . .557 i -62-

o.ractim: .......

If tlerataar pots are not within + 1/20 F:

Add .00XOW for each 10F error below desired tmperature.

Subtract .DOOS for each I F error above desired tMcperature.

E-9



I Willia msah C.po ion CMEP 95-4120
-Report No. 79-106-39

-Rotord--,11 nas Rev. NEW"~78"2-9
D.L.Jacobson
Sheet 3

DATA SHEET
PRESET TEST SPECIFICATION

IFOR 8901-130 SHUTOFF VALVE

W PAiZ 4'/7 ' CASE NO.. ~________________

OAT - 7, TESTED BY

1.1 Increase supply pressure (PA)s.lowly until valvecracks open,
noting the pressure at which It cracks
Record P which cracks valve. PSG

Record _ __Pbc"_..___ --SP2 "Pbc= Ila PSIG Max, . "

2. Decrease supply pressure(Pz)unt1 discharge flow (Wf)
is 6 PPH.
Record P2 here as P1 1  ,, PSIG

J PII'PU 7 PSIG Hyst.",=mml,,

az-z 35 PSIG max. allowable hysteresis
3. Increase supply pressure (P ) until

discharge fIow (Wf) is 50 FPH.

Record supply pressure (P ) / u'n Ptil

Record discharge pressuretP n ) - PSIG

P2:Pn - __________

P2 -Pn * 1I0 pslg max,

4,, Check discharge leakage for three C31 minutes,

Record 4 4 (F#4l" e 0-'

V
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III WiliameahC CMEP 95-4120
Report No. 79-106-39

SMVICZ LIMTSI.
"WOCDOARO GOVERNOR COMPANY TEST SPECIFICATION FOR 832o9 - FUEL CONTROL

Case NZ. MIL-.C-7024A Type II Calibrating Fluid

Customer*: wiflliam Researck Contract No-,:... .. ..

f~st4 IA1/A/ 7oodward P/M Iilliams P/N

. fps 806-03 Z7

0118061-056 36240

OatWs' l' Tested n1;'- Test Stand l.

Sensor No* . 4-.

:1! 1.0 Test Conditions

1.1 The following conditions shall be maintained for the entire test.

1.1.1 Control supply fuel pressure (PSI - 20 psig suppTy.
1.1.2 Ambient air taep - 70*lOF.
1.1.3 Ambient pressure - 14.7t1 psia.
1.1.4 Pressurizing Valve: A remote pressurizing valve set to 80 psi

above Pbc should be used in the metered flow line.
1.T. Sack pressure controller. Oownstream of the pressurizing

valve use a pressure regulator referenced to COP and downstream
of an orIfIce calibrated l to give U psI AP At 400 pFh.

1.1.6 Rotation of Drive Sbaft - CW (Look" at end of Drive Sbaft).

1.2 Test Eouioent

1.2.1 13 HP variable speed stand, 13.000 rpm, .05% speed control.
1.2.2 30 PPH - 600 PPH flometer 0.51 accuracy (2 required).
1.2.3 '0-50 PSZ &P gauge * .25 psi accuracy (PI-P 2 ).
7.Z.4 0-800 psig pressure gauge *10 psi accuracy (P.1).
1.2.5 0-300 psia gm-ssure gauge .2 psi reading accuracy (CDP).
1.2.6 0-800 psis pressure gauge 110 psi accuracy tP21-
1.2.7 0-800 psig pressure gauge ±10 psi accuracy ,PH
1.2.5 0-100 psig pressure gauge tl psi accuracy (Pbc)-

1.3 All control settings should be made while approaching the set
paints ua follows, unless otherwise specified.

?.3.1 Engine inTe-l temperature simul"ator or sensor-aoproach set
temperature from a lower temperature.

1.3.Z Compressor discharge pressure-aop 'ach set point from a
lower pressure. Hysteresis checks should be appr-ached frcm
a higler pr-essure.

1.23 Speed setting voltage-approach fr:u. amumerically lower
value unless otherwise specified.

1.3.4 Oe not overshoot sat point. If set point is overshot, riduce
or increase input signal, depending on rtqulrerent and
approach set point again.

E-11



mmm WHOim, Resech Copoation CMEP 95-4120
Report No. 79-106-39

.-..o - &8 ~age- j v _

* SPEEDl CDPAITZC PIL I
a r PSII IMCHS VDC M(0TS IMITS A ACTUAL

-Z.O Fanc ionaT

Z. I Pump Capaty

tic0' (a.410, psi)

f.Z U1timeta
21000 ISO SrzO 3.&" lpcoc:Jt Flow foe" 600-700 paid

.zaa ( )  el.z. af I seconds (P1 - Ps)
eckIleay pressure

2.3 Built In Test

Z.LI -10 card SIT Signal 12.1I4-15.-1

_ _ _I _ _s -
2.3.3 _ 3.0-6.0 A, .5 W

3.0 Power Laver Schedule uR
Kim_ _. MCM. Max.

IS? 19 f T . 620(90Il-9 ISet to 12. PPM 9,2.
523 92& 11035

11u54 1 St to 307 PPM n1303111539 27
3.4* 120 1o 12. Se t37 PP ! 1.1934a 12021 1 t
!2.5 3 1____ 11.1 aSt to 317 FPI I 9341201 121

31 dic ~ E - -

3.II Sat£,r T.F.3.4. lRa-
due& P/L Vr to -
292 FF .lr3qY ".

4.0 Temperature Override Sc.Jdule -

4.7 41. -ol(- 3.11 St 91 111 673 7..179 1.913

4248 0571 3L6 Sot 15 FP 21369 1.151 1ibel kkSAH

4..1 SO .SSS -. 6 4rt 83 FR LUZ? 1-228 1lus \(-4VS) , , -V.'- .I '
____ 209 .59.1 W( 1 I3.4 Sat 190 IPE 11703 11321 11943,1

45 1209 1 574 -350) 3.1 Ss-z 38j4 PPE "108 115581 11705 1
t&6 209 .5595(-65'1 3. Set 380 ?PH 116 9 U323 L1.5291

If max speed settIng is beyond 1iita, after completing as received test,
readjust max speed within limits and retest paragraphs 3,4, 6 &7,-

E-12



III W ,m w--h Corpaion CMEP 95-4120
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X83209 - D68 Page 3 Rz _ A

RP PS I I ES a IMITS A L

i.0 Accal, Dccal. Max. I Start Flow Altitude

: -~P-P?. Kin . .z
5.1 I ccal 60r.

5.T.17100 40 O.6200) 3.6 "_._.___.__ . 78 88 .98

5.1.Z 7100 40 -Z7._ " %,- 78 88 98 -

5.1.3 10700 120 2.6 12.a._ !521 Z66 280
5.1.4 11500 130 _377 398 . 18 4D

5.1.5 110020 w__ _ 4i 2 25668
s.1.5 1100 120 ,yteresis 21 .250 2 6 .2
S.Z 14-. 

-l_

S. Z.11500 0 60(60-1851 500 515
5.3. At. el 170'f 8061-056 OnY) 1438 1-448 1; 45a

~~:1 462____
5.4 Acca? -6S5F

5.4.116400 40 .4595 1.6 671 77 87

5.4.2 10300 20 .555 13.1 )01 424 447

5.5 Decl Schedule

5.5.1 12024& 160 .-620(600)1-7. 16 153 1711
5.s.2 1202, 100 .620(60) -7.4 841 9 1 1.81 -1X
3.6 Startin Flow

,. ,.1 .I.. 5 1,.7 . 2 0 ( ,0 ) -7 .4 53 . 1 ( ,65 -.6. U5 62(0)72j

S. 6. ZJ8Z44j 14. .620(60-) -7.4 52 63 _____

5.7 Altitude Schedule

t 7.I j . 01 &l - I-0 .6 -(60 . 1 78 88 8 . -
)a All gpeed stt-s 1200 RPM except oes:t 5.5.1 tic.

E-13



III W,,, mch Cpm--e.o CMEP 95-4120
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X83209 - D68 Page 4 REV 4

I? a IPSIA Inches VOC .02 imt CTA

.0 Altitude Governor Scehdula

7 52 : fiO(60oT 3.1 9 PPM4 119 04-lZ144 RPM

. 1107 1, W 04-PPZM4 RPM o,

.0 Govemor Galn

.1 1201 .620:50-) 3.1 Speed below Record 0I11000. Ulse to

Ince.ase RPM to Record _____

17.1 minus.34 , ,

/0_II_ I eATUS

SI i00 I0 I I. Z0 0 p . -II ax.02I*9 PPM

.1prc spe to 93 9236 9332 24

~~jgiv 9 7.5in PPM I I.____
Ig~ les 3.1RECORD

_______ ysiaresls _________

-- A- A

* MI 8. _ _2 1_t
LET SHEET mumBERS

REVISION STATUS
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doodm.1d Goernor Coulpany X83209 - D68
Rocktord. Illimois Pae 5 of 5 REV&

Sptad Cc? ITzCI. P/L
FM IPSIA lnths VOC Noties Limits ACTUAL

.0 PU - Unloadin!

1.1 12024 Z40 .iZO(60). -7.0 Ieduce P/L -7.4 to -9.9V00o Toltaje below -7.0 '

ad record the

- -v-ltage that i
.Z 1ZOZ4 Z40 . o(6Oe )  -TO Reduce P/L Voltage 30 PSI caz.

.200 to -10 ad record

2.0" Leek Checks

0 . 1 1 2 02 k Z 4 4 E Z GCS O ) . 5. s P7 t o t l a..
120Setting -212,PS I nas;, ,3,, rd

.Z a .620 " e at - So PSGone after afe• t Seal Leakage 10 min.

0.3 ChSeck fr shaft seal leakage during cal. for 12 = x ex.

1.0 Drive r"oque

Drive torque wil1l be measured with a torque 20 tn.lb.nax.

e wrenchl aft.er the control has been run for a i
" mnium f 5 minutes on th e test st.and and|

:mvd. This, test does not have to be run|
In s&4u*cs and could be done affter the |

Sremainder of the test procedure is completed.

?..0 Final ~Chck" LiSt Initial

2.1 Set steps In electric actuator.

Z,2 Epoxy actuator stop screws. Dome shape epoxy per ass'y dwg,

3.0 twi,, b lto & Stall Current Tests. (Refr S1-1665)

Condition peter Limit Veter Limit

Y .1 I M ! W 2 V o t e r " 5 k In l at v I

* % Stcase + "a: -l !ggNL

Te Ita - C (1. auez.
.1: Sta e t at . - - " t . a Ma. 1 . .

E-15



III W.,mn Rmc. h CwporMtean CMEP 95-4120
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Wmeurd imrmr Camany 1809-02
Ractri.- Illinois

OMu OVUmO MANY TEST SECFICATION FOR 3209-CT SEem (ATP) VALVE

MIL-C 7024A TYPE Ii CALIBAATIM FUID

MUICE LI1M

IDEIFICAT[ON NO.

lcks W illiam Researcht Corp.

Wmodward P/ , ... .

YA309-019 8!i01-140

il20S-Ow0 fr.Jyt/I

83209-01 o-,fo

~~ts~o madf~ Tgo.

Calibr tion to be acemdusing fhW7 Fie_
Desired 111M. Max. Actual

75 am- .6325eros. .rs ,r,.

.70 .m .'n,
.75 , .m I 6'- 7.

~~if twpm carem' Pon an rt itn 1/&°:

Add .00Or for each * 1 r r r below Uesir" temperature.
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Wil inm mssach Corporation CMEP 95-4120
Report No. 79-106-39

Woodward Governor Com~any. TSP-1671
Rockford.lllnois Page 3 of S Rev H

DATA SHEEY FOR SHUTOFF VALVE

eel Woodward P/ ; Wllia, P/N IR v]

8 t 15i 29593I
8901-136 234

*See sales order for correct revision letter.

/ 9411 CASE O. /: r

DATE TESTED BY ,

1. Increase supply pressure (P2)slowly until valve cracks open.
noting the 'pressure at which it cracks.
Record P2 which cracks valve /n S- PSIG

P2 -Pbc" _ _ _ _ - _ PSIGDP -Pk.- 65-170 PSIG

Uio P2-Pbc -6 Z (15 PSli Min.)
2. Decrease supply pressure(P 2 )untll discharge flow (Wf)is" 60 PPH.

Record P2 here as P21 9___ PSIG

Increase supply pressure (P ) until
discharge flow (Wf) is 60 POH.
Recbrd P2 here as P2 2  " ' PSG

Pz-Pn "  PSIG
U_____/ a PSIG Hyst.

Piz P11 a 35 PSIG max. allowable hysteresis

3. r,:rease supply pressure (P ) until
discharge flow (Wr) is 500 PH.

Record supply pressure (P2) 3__" _ PSIG
Record discharge pressuretPn) s ?. P516

P2-P PSIGPzn 2- 10 psig max,

4, Check discharge leakage for three (3) minutes,

Record f,4ie FOM? 4fIAPA469 /t
Max. Allowed 7-0 (28 osTf'*

S. Check discharge leakage for (3) minutes.
Record / I-',-.-

Max.allowed 0
.0 6 Chck dschrgeleakage fr (3) minutes.

CheckdiscargeRecord
NaX.allowed' 0

E-17/E-18 Blank
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APPENDIX F

FUEL CONTROL UNIT FAILURE ANALYSIS

This appendix presents both the preliminary and the final reports
from the Woodward Governor Co. regarding the failure of fuel con-
trol unit S/N 1443446 during the hot day mission simulation testing
of Engine 828 at AEDC. Also included is a copy of the report from
Motorola Inc. (semiconductor component vendor) to the Woodward
Governor Co. with reference to the failure of components internal
to the fuel control unit.
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Il Willm, Reach Watso, CMEP 95-4120
Report No. 79-106-39

IRqOc(lORD., ILIINOIS

AIRCRAFTOMIVIUO Page I of I

No= s uuoLM ar
CUIWFTOon William Research Corp. Ro" EN 86615

CUSTMER a 124SSO , Q, T E6.Schrer 80-4-3

WA to G 36055 RBY S.B.Makulec

MOORLU. 8041-056 . RI 1443446DATE 80-4-10

€oKTOL ".Tw 63209

L PNO DNO- Omsk wa W mvw athm am3

Actuator would not respond to input signal; would draw 3.4 m
on bench test with 28V supply.

A. Run "as received* test.
1, Investigate discrepancies.
C. If lengthy investigation is required, please issue

interim report by $0-4-10.
0. Repair as necessary.

3. Investigation Resultts
The actuator was had-carried in by Williams Research Corp.

personnel, and the following initial portion of the investigation
was witnessed by Williams Research Corp. and Government personnel.
"As received" testing verified the complaint and the actuator was
removed from the fuel control. Opening the actuator revealed a
severely charred area about Q% and Q1, two of the power transistors
in the final motor drive stage. Removal of power to the final
stage allowed trouble shooting of the signal conditioning and drive
circuitry ahead of the power stage. This shoved the entire circuitry
with the exception of Q% and Q? to be operating normally. Sub-
sequently. Q and Q7 were removed and tested on a transistor curve
tracer. The 2K6301 (Q?) was completely defective, behaving essen-
tially as a short circuit in the circuit. The ZN6299 (Qs)retained
some semi-conducting characteristics, however, was severely
deteriorated with respect to gain and also has increased in

THIS REPORT AS COM PLETED SH4OULD ICLUDI AS 14UC!SARY PROA
& I. T|oo AnijON lm004"pm Ra JLLeeson 60-4-10

I Caen~i" Ai WAS 60-4-10

J4G 80-4-11
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INE Wiflien Reeach Carporaa CMEP 95-4120
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SPECIAL HANDLING R~1101 IN 868S3
S. Makulec
Page. Z

3. IanestitStion Results (coUn.)

resistivity. Since a high voltage spike can cause such
transistor failure the transient suppression diodes in the
circuit wore also checked em the curve tracer, and proved
:o be fuactioning normally.

.4. Conclusions

As the transient suppression circuitry was still functional,
we assme that no voltage spikes reached the transistors is
ecess of their specificatie. limit. Therefore, it is con-
cludod at this time that the first transistor to fail (Q),
failed during operation for unmown reasus. This failure
would them allow, whom Qs was turned on normally, direct.
high current flow from the 29 volt bass, through both tran-
sistors, to ground. Such current flow would be well in
excess of normal, ad vould cause severe beating in both
transistors, in this case precipitating deterioration of per-
formance in QG. Simce the actuator mould not be responding
to the input signal, this could be a long term condition. It
should be noted that this sequence of events is a hypothetical,
but very probable sme. 7Me cause of the failure in Q? could be
due to a ==her of things, as yet undetermined. The subject
transistors have ben sent to the manufacturer, Motorola, for
failure analysis. Since both transistors wore subjected to
severe thermal overstress, this analysis may not yield conclu-
sive results, since some of the defects that are possible
causes ay also be the results of the thermal overstress.

S. Corrective Action

Since a pattemof recurring failures is not establishedand
since further evidence may be forthcoming, no corrective action
is anticipated at this time. Also. it should be noted that
these devices are slated for replacement upon approval of pro-
posed changes to conform with nuclear requirements. The
replacement devices will be processed in accordance with JAN7X
standards. This would enhance reliability, since the JANTX
processing is not available on the present devices. A supple-
ment to this report will be issued when further Information
is available.

rg
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IIWilli.m.,Research Corporation CMEP 95-4120KIE Report No. 79-106-39

SPECIAL KANDLING REPORT EN Page 3

SUBJECT: Additional Failure Analysis - Vendor information.

PM:N Steve, Makulec

DATE: May 20,1981FMA '6 o '

Abstract: e mc._rz ,', s' co CrX z-

The original Special Handling Repert covered the analysis of an
X83209 Power Lever Actuator failure. The vendor failure analysis
is now available. which points out manufacturing defects in the
failed semiconductors which likely led to the overstress of the part.

Investitatioa Results/ComclusioaS:

The vendor's analysis of the failed parts (attached) substantiates
the condition of the parts as rems ad from the actuator and gives
a synopsis of further findings with the Motorola product engineer
clarified the reported phemmri. The premtise that the 2N6301 type
transistor failed first and thus caused the failure of the ZN6299
type transistor still appears to be valid, although it can't be
proven conclusively. various voids were found in the construction
of both transistor*. These devices are built in a stacked up fashion.1with the silicon chip (die or dice) soft soldered to a copper heat
spreader button, which is them soft soldered to the actual transistor
case (header). The soldered areas are accomplished with a solder
preform. and subsequent beating to melt the preform and establish a
bond. As such, Motorola indicates that it is difficult to achieve a
completely void free construction. Because of that, they perform a
Safe Operating Area (SOA) test as the completed parts; which puts
adequate stress on the parts to cull out parts with excessive voiding.
and hence inadequate thermal conductivity. This testing is done in
a manner similar to testing in accordance with M[L-S-19SO0. As they
perform this random sampling procedure the resultant typical Acceptance
Quality Level (AQL) is 0.231, i.e., statistically no more than 0.281
of the devices shipped would be defective with respect to the tested
parameter. This SOA test is performed at full power capability for
0.5 seconds, which is a much higher stress level than the application.

Materials analysis showed the ZN6301 type (ICC P/N 1636-682) had
approximately 101 voids under the silicon die, and SO* voids under
the copper button. This presumtably was the transistor that failed
first and was verified to be shorted. Also, evidence of inelting
on the die surface indicates severe overheating. Motorola's assess-
ment of this device and the esisting voiding is that passing the SOA
test would have been unlikely. It therefore represents a random
escape through Quality Assurance testing. No testing is done at
Woodward Governor Company that would have caught this, and the addi-
tional processing imposed by the drawing (High Temperature Reverse
lias-fTRZ Burn-in) does loot stress the part in a manner that would
cull out such a problemi.
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SPECIAL HANDLING REPORT EN 96653
Supp. 1
Page 2
S.Makulec

' Investigation lesults/Conclasioss h-ecppaimtet.o

voiding under the silicon die. generally in the center of the di.
Although this is net desirable, the Motorola people believe the
device would have passed the SOA test. The device as returned to
Motorola was verified to be severely degraded is performance.

Given the above information, the flN6301 type transistor appears to
have been the weak part in the system Since it Is failed shorted,
the premise that it failed first, causing subsequent overstress and
degradat ion of the ZX6Z99 type tranSItistosm to be upheld. TheF expected sequence of events, thes, is as folows: The ZN6301 fallfirst,* presumably while actuated and driving the motor. When theposition is as necessary the drive to the motor ib cut off and atsom* point in time re-emergized to drive the motor ina the opposite

adteshorted 1146301. Since this current Is shuted directly from
suplytoground the motor does not save, and the control circuit

Is not satisfied. This provrides for a lefg tern high current flow
through the transistors, causing the thermal overstress noted.

The major fault In the above train of events is that at the appliedstress levels, which are well below that of the SOA test, it is very
difficult to assess whether or not the 2X46301 would have failed.

protection, were functional, It is a probable sequence of events.

.4 Recommendations:

The stated AQL of 0.2l8t for the SOAtesting indicates the risk of anindividualfpart Setting throngh this system while defective. As
there are five of these devices per actuator the probability of a
defective part in a unit is 1.43. However, note that an AQL level
is an indication the maximu niamber of defectives, and that in the
application the stress is such lower than the SCIA test (less than 71
versus l001 stress). Thus, a more reasonable and yet still conser-
vative estimate of the probability of a deficiency existing that would
result in a overstress condition is less than 11 for the actuator.

* Since a determination of the actual condition of the transistors caOlt
be made in the field it is recommended that the customer use the above
figure as a guideline to compare to his acceptable risk on a given
unit. If the risk is deemed unacceptable, the alternative is return
and disassembly to a point where the transistors condition can be

'assessed and replaced if necessary.

Attachments: Notorola Product Analysis Report
(To original PL-410*O0l/PL-411*O0l
only)

SElE/rg
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MI~CL. .*LIAbt.. T~ AkV 43WAI IVY A!U!-' :ZCEFIOU - '-T

C-Cmeom- PItDUCT ANALYSIS UEPCJ

ratV~c rvP& LOT "Jut eauss,#AT w.

II

to lft I vo M WIEe D sapeewe ndapeaz 0 asema m n: 0110rtce
0 UN. AM mTh troesistor were Usoie SMLEUz llA UUN

- PnPI iuruesvtwwinu v 'a the oe'l 76 co W*ife applied ~ drive in a fel

during official testingeundor mimeetto 04resuuti Missale.rtialfalre octured
of COW cr tcu t as no rw es o to 1) s urM itahm t eSti utlo realeSr analysis
wim~sth di c 0 el a~ b oth prt s P &".Z. od wpf florme also f mdi s waert e o ee

heet inedt anouttonun ,.1.s.ac

to3er oNz Umi treasitor Worn tdo, edrshsalwdte aeesueo

tmendico risseutl desthr&ccive vlt~ngocverfed inthe sktter Contact ins.

Voidiend bwiei116 an f the 216Midsai moppr atterc bondsai et*te diy anfaes
At eva tevie of saereti ovredtisa rsltinge tst a mi.ig 0.t tneo
seifati ice. ohes parts PhotoZ) void wese tas passed ciasteer testing.

11mor steeml packet las beaimo to dises ie and ts loe the tperature ofaz

At themman 014te tis prducte twat ,I tcestiee tol a 6t2A.0 5C Selod

imbenr possille. One 0tnjIsret pereent: $04 test ray be 'varenteel wiith an SJ specification.
and a JoN versiolk of this part would guarantee exceptilonal quality.
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0FA,,. P. d4, R .AD C
___ RELISPJIY AND OJALY AUWLAMM G=VI

.44

PftW 1. optical WIC ors of 411tter
feoom of 2M31 dn4c*. Purtial mliag

ftsmt 2. Z-rqy she&qwwos of 21630 (left)
and ZN6299 (vight) die, bonds (square regtovs).
voids beme~i dice art omaully large.g 21631 also has larg. old beveath copper

£ hutim (arrow). (1

F-7/F-8 Blank



William R"ewch Cwd- CMEP 95-4120
Report No. 79-106-39

APPENDIX G

OIL SAMPLE ANALYSIS DATA

This appendix contains oil sample analysis laboratory reports
provided to WRC by AEDC. This information was used in compiling
Table 3-V of this report.
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III i,.m. eserch Corpomean CMEP 95-4120
GON Report No. 79-106-39

/ TECHNICAL SUPPORT OEPART/MENT m w Oa
CHEMICAL & METALLURGICAL BRANCH

LABORATORY SECTION REPORT

Sevested bf W. C. obbell ETF/T ReDort No. 0041-8

uM,*absmited T-5, 236993 Oil, Pre Mission Calibration Date Completed 4-2-80 P.S.I.

-indmw S 828-100 o Ti e - 2200 , Place - Engine

Collected 4-1-80 , Total Run Time* -- Wor Auth. E411-18C

Data In 4--5 Date Out 5-7-An

By H. Ivy, Jr. end P. S. Byron

llemcUeins:

Detegrsze West Metals by Atomic Absorption and Emission Spec.; also.

Specific Gravity at 750F.

R Al - N.D. Ti - M.D.

Fe - N.D. Cu - N.D.

Si - N.D. Ms - N.D.

Cr - N.D. Sn - N.D.

Ni - 0.2 Pb - 0.3

Ag - N.D.

Specific gravity @7 
0
F. - 0.969.

~ ~OwrO 1~E r4 rt. 8 MI'.'.o

Remacbs: N.D. - Not Detected.

A.A. - Results expressed in ppm.

A.A. - Results phoned in 4-2-80 Time 14 30 hm ;. Toq b 11

Emission Spec. results attachcd.

G j O .....-- -
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IIWiflim Rmassirh Corpoamion CMEP 95-4120
Report No. 79-106-39

TECHNICAL SUPPORT D11PARTMENT 6
CNSUCAA 4 MIThLLURGICAI. IRAMCM

SUM ENERGY DISPERSIVE X-RAY AND SPECTROGRAPHIC ANALYSIS REPORT

8phe No. 0041-8 Date In 4-2-80 ____

Plate No. 03160 Date Out 5-7-80
Submitted By WE. C. Cobbell ETFTT Work Authorization E41I18C____

Sample Descripion 23699 Oil T-5 - PreT!MiEsion Calibration (Enuine)

Method of Analysis wihaStatement of Accuracy:
Quantitative ___________ Semi-QuazitiLaitive +10-302 Qualitative

Rsls sample Sample Sampl e Sample Sample Sample a]a
Noault o. No. -No. No. No. No.

At... 0.02 ____ ____ ____

_B_

Qb_

Sid

Mo _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

rmis _ _ __ _ _ _ _ _ __ _ _ _ _ _

Cy _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ L
- imrF/rmS A 14Aal.ii'q

M ErntgS- L-SMAlyi

Mo D- o eUce
No1.D -Ln~ ii 1Dt~ibli ____ - . - .-- -

NJ



* N Wfis Rse Cerpoeron CMEP 95-4120
Report No. 79-106-39

TECHNICAL SUPPORT DEPARTMENT
- CHEMICAL & METALLURGICAL SRANCH

LABORATORY SECTION REPORT

-Wt~esaib . C. Gobbell ET7/TT- Report No. 00'43-1094/8 .SBI 4/28 P.s.B.
=Matedmi a ttod T-3, 236991 01. n Post Hot Day Mission Date Completed 4-14-80

ON 825-113 , Time - 2230 , ?lace - Engine
Collected 4-12-80 . Total Run Time - ? Work Aut. E411-18C

Date In 4-14-80 Date Out 5-8-80

BY H. Ivy, Jr. and F. S. Byrou

b33mcdons:

Determie Weast Metals by Atomic Absorption and Emission Spec.; also,
Specific Gravity at 7507.

Results:

0 Al - 0.7 T1 - N.D.

74 - 1.6 Cu - 0.1

Si - M.D. Mg - H.D.

Cr - 0.2 Sn - N.D.

NJ - N.D. Pb - N.D.

Ag - N.D.

' Specific gravity @ 75°F =0.969. ,

Remailt& N.D. - Not Detected.

A.A. - Results expressed in ppm.
A.A. - Results phoned In 4-14-80 Time 1435 hrs. To Mitchell.

Emission Spec. results attached.
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III wi,,ia Re. .h C wa.on CMEP 95-4120
-Report No. 79-106-39

TIECHNICAL SUPPORT OfPARVTMET 11vm1- ,dr'-pARO I-

CHEMICAL 4 METALLURGICAL BRANCH

SIM ENERGY DISPERSIVE X-RAY AND SPECTROGRAPHIC ANALYSIS REPORT

Sample No. fA.IalO Date In 4-14-80
Plate NO. l1 A C. Date Out 5-8-80

Submitted By r- I. tnhh,11 FTr/T Work Authonzalion E7T-1 C

0 SEA SPLCTIIROGRAI,

Sample DescriptUa

Method of Analysis with a Statement of Accuracy:
Quantitltive Semi-Quantitative + 10-30Z Qualitative

Sample Sample Sample Sample Sample Sample Sample
Resuts No. No. No. No. No. No. No.

Al 0. 06
Al 0,4

B-

CaCb

Cd

Cl

Cr 0-2
CU n. 1

Pre O. 6

Mel
No
Mo

NO,

P

Pb

Zn

I - Micrograms/t;ram 5 - ZAF' - SFM Annllysis

2 - Percentage 6 - ML - SEM Analysis "

3 - NO - Not Detected
4I - LCO - 6aoWr. L mit~ nt ectihality _ D. W. Baker

G-5
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I rN,= Research Coporation CHEP 95-4120
Report No. 79-106-39

* TECHNICAL SUPPORT DEPARTMENT

LABORATORY SECTION REPORT

0
v*W~e- y W C. Gobbell. ETF/TT Rieport No. 00434147

z ~Cold DayMiso
Uffij.,na &a~u.IItgqITS I Oil. Post RU DateC.'mpletrd 4/16/80 4/28 PS3
Engine S/N 828-119, Time - 0030 -Place Eni~
Call1ected.. _LU Tntnl un~ Tima .- Wieh Aui. E411-18C

mrIs 4/16/80 Date Out 5/5/80

a. Herman Ivy. Jr. &P. S. Byrom

Determine Wear Metais'by Atomic Absorption.

* Total acid number. mg KOH per gram sample.

* Al - N.D. Ti -NM.D.

Fe. - 0.4 Cu - 0.1

si - .D. Mg - N.D.

Cr - 0.1 Sn - N. D.

Ni - N.D. Pb - N.D.

Ag - 0.04

Specific gravity @ 75 0 F 0.971

T.B-O o%-"wUJeAE CcLOD'0A.( TEsy

N.D. - Not Detected.
Results expressed in ppm.

Phoned in 4/16/80 Time 1055 hra. To Mitchell
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Report No. 79-106-39

ITECHNICAL SUPPORT DEPARTMENT SeeriiP
CHEMICAL a METALLURGICAL BRANCH

SEm ENERGY DISPERSIVE X-RAY AND SPECTROGRAPHIC ANALYSIS REPORT

00043-147 4/16/80
Sample No. Date In
Plate Nao. Date out ___________________

~, j qbbell. ~TF/TTWork Authorization .!18 -

0 SEM SET~RP

Sampse oeacriptioe23699 5 (7808G) oil T5 Cold Day Mission -Container if828-119

Method of Analysis with a Statement of Accuracy:
*Quantitative Semi-Quantdtative + 10-302 Qualitative

Results

A 0.1_____ ___ _

Al .t____ ____ _ _ _ _

-5--_

B_____ __________

B1 _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _

Ca j~ eprse spm Aa~

re - l 0.6am/O
2K ecnae .6- L-SMAayi
M - NO0.02e o . ae

MR L oe ~~to eetblt _________



IIWilliam Research Corporaion CMEP 95-4120
Report No. 79-106-39

TECHNICAL SUP PORT DEPARTMENT

LABORATORY SECTION REPORT

W . C. Gobbell, ETF/TT Reor No. 004 3-1 56
ZU '1)ission

Igas.euia A4110u1iIId T-5 Oil. Post Run #Cal ibrat iornstr C,,,,let.d41/8/2L
!ng in. SIN 828-122 Tim 1900 Place Engine

:alect&. 4/16/80 Im iRu m - ime E411-18C

-wv in __ 4/17/80 arot//0

*V Herman Ivy, Jr. & P. S. Byron

Determine Wear Metals by Atomic Absorption.

Al - N.D. Ti - .D.

Fe.- 0.2 Cu - N.D.

Si - N.D. Mg - K.D.

Cr - N.D. SIM -NM.D.

Ni - N.D. Pb -0o.1

AS - N.D.

Specific gravity @ 75 F -0.971

N.D. -Not Detected.
Results expressed in ppm.

Phoned in__4/18/80 Time 1455 To Mitchell
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Report No. 79-106-39

TICHICAL SUPPORT DEPARTMENT rp?*..
CHIMICAL & METALLUAGICAL BRANCH

SEM ENERGY DISPERSIVE X-RAY AND SPECTROGRAPHIC ANALYSIS REPORT

Sample No. 0043-156 Date in 4/17/80

Plse No. 03166 Date5/5/80
Submitte By -W. C. Cobbell. ETF/TT Work Authorization E41T-18C

Sample Description 23699 oil TS Post Mission Calibration. Container #828-122

Method of Analysis with a Statement of Accuracy: +
Quatitatilve Semi-Quanttautve + 10-30% Quslitatve

Results Sample Sample Sample Sample Sample Sample SampleNo. No. No. No. No. No. No.

Ag 0.03

Al 0.05 _____ __________

AI 0.03

CI 0.03 ____________________

.0.3

Mo

Mo

No

N! 1:1. UT

Pb __ ___ ___ _

K --

Mo

T1

Pb

Remarks: Results exprei~sed as ppm n

I - 1cfo.grams/Graw 5 - ZAP - SEM Analysis
2 - Percentage - - ML - SEM Analysis ~
3 - ND - Not Detected
4 - L1jD - Lower Limit of Detecitility D. W. Baker

G-9/13-10 Blank
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